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HE Committee appointed by the Royal Society to direct the pub- 
lication of the Philoſophical TranſaQions, take this opportunity to 
acquaint the Public, that it fully appears, as well from the council bock 
and journals of the Society, as from repeated declarations which have 
been made in ſeveral former Tranſactions, that the printing of them was 
always, from time to time, the ſingle act of the reſpective Secretaries, till 
the Forty-ſeventh Volume: the Society, as a Body, never intereſting them- 
{elves any further in their publication, than by occaſionally recommending 
dete revival of them to ſome of their Secretaries, when, from the particular 
circumſtances of their affairs] the Tranſactians had happened for any 
length of time to be intermitted. And this ſeems principally to have 
been done with a view to ſatisfy the Public, that their uſual meetings 
were then continued for the improvement of knowledge, and benefit of 
mankind, the great ends of their firſt inſtitution by the Royal Charters, 
and which they have ever ſince ſteadily purſued. : 
But the Society being of late years greatly inlarged, and their com- 
munications more numerous, it was thought adviſable, that a Committee 
of their members ſhould be appointed to reconſider the papers read be- 
fore them, and ſelect out of them ſuch, as they ſhould judge moſt pro- 
per for publication in the future Tranſafions z which was accordingly 
done upon the 26th of March 1752. And the grounds of their choice 
are, and will continue to be, the importance and ſingularity of the ſub- 
jects, or the advantageous manner of treating them; without pretending 
to anſwer for the certainty of the facts, or propriety of the reaſonings, 
contained in the ſeveral papers ſo publiſhed, which muſt (till reſt on the 
credit or judgment of their reſpective authors. | 
A 2 5 i 


| 


n is likewil FN on this be to Tan har 1 it is an YO N 
den rule of the Society, to which they will always adhere, never to 
give their opinion, as a Body, upon any ſubject, either of Nature or Art, 
1 comes before them. And therefore the thanks, which are fre- 
quently propoſed from the chair, to be given to the authors of ſuch pa- 
pers as are read at their accuſtomed meetings, or to the perſons through 
whoſe hands they receive them, are to be conſidered in no other light 
thanas a matter of civility, i in return for the reſpect ſhewn to the Society 
by thoſe communications. The like alſo is to be ſaid with regard to 
the ſeveral projects, inventions, and curioſities of various kinds, which 
are often exhibited to the Society; the authors whereof, or thoſe who 
exhibit them, frequently take the liberty to report, and even to certify 
in che public news- papers, that they have met with the higheſt applauſe 
and approbation. And therefore it is hoped, that no regard will here- 
after be paid to ſuch reports, and public notices; which in ſome inſtances 
have gene too lightly credited, to the NG 2 the Society. 
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I. IN Account of a new Comet. In a Letter from Mifs 
Caroline Herſchel fo Charles Blagden, N. D. Sec. R. S. 
page 1 
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n. LLD. F.R. . 10 Charles ä M. D. Sec. R. 3 
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© * Magner cal e and Obferoatiees. DV Mr. Tiberiu 8 


Cavallo, F. R. S. p. 6 
IV. Deſcription f a new Riener: In a Letter * the 
Rev. Abraham Bennet, M. A. 2 the Rev. Joteph Prieſtley, 
i =, p- 26 

, 4 . to the Defeription of a new EleArometer. In a 
Letter from the Rev. Abraham Benner, M. A. to Charles 
| Blagden, M. D. Sec. R. S. 8 p. 32 
VI. Some Account of an Earthquake felt in the Northern Part 


of England. In a Letter from Samuel More, Eſq. 10 Sir 
Joſeph Banks, Bart. P. R. S. 9 


VII. Determination of the. Heliocentric Longitude of the de- 
ſending News of Saturn. By Thomas Bugge, Profeſſor of 
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—_ Sir Joſeph Banks, Bart. P. R. S. P37 
vm. Defeription of a Set of Halo's and Na. ſeen in the 
Tear 1971, in North-America. By Alexander Boar, Eff. 
communicated by Sir Joſeph Banks, Bart. P. R.S. P-44 
IX. Obſervations of the Tranfit of Mercury, May 4, 1786, ar 
Dreſden. - By M. Köhler, Inſpector of the Mathematical © 
3 of the Eleftor of Saxony ; Communicated by the 
Count de Brühl, F. R. S. 1 
X. Obſervations of the Tranſit of Mercury at St. Peterſburg. 

In a Letter from M. Rumoviki, Afronomer in the — 
Academy, to Mr. J. H. de Magellan, F. R. S. p- 48 
xl. An Account of the Strata obſerved in finking for 27 ater at 
e, in Lincolnſhire. B y Mr. James Limbird, Surveyor 

to the Gn; communicated by Sir Joſeph Banks, Bart. 
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| XI. Obſervations of Mi ” Herſchel's Comet, in Auguft and 
September, 1786. By the Rev. Francis Wollaſton, LL.B. 
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oh XII An Account of a Thunder-florm in Scotland ; with ſome 
. Meteorological Obſervations, In 4 Letter from Patrick, 
None, 22 F. R. S. to Sir * Banks, Bart. P. 
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XIV. On ** the a of Algebraical — by con- 
verging Serieſes, and demonſtrating and extending Propoſitions 
given by Pappus and others, By Edward Waring, M. D. 
F. R. S. Profeſſor of Mathematics at Cambridge. fe I - 
XV. Experiments on the Production of Dephlogifticated Air from 
Mater with various Subſtances. In a Letter from Sir Benjamin 
; Fhgenpſon, Kut. F. R. S. to Sir Joſeph Banks, Bart. P. R. S. 
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a. 4 4 of the Diſcovery of Two Satellites revolving 1 
round the „ Planet. By William Herſchel, LL. D. 
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XVII. N on Mr. Brydone's Account of a 3 
Wunder- form in Scotland. By the 3 Honourable Charles 
Earl Stanhope, F. R. S. wh p. 130 
XVII. Concerning the Latitude ad Longitude of the Royal © 
Obſervatory at Greenwich; with Remarks on a Memorial of 
' the late M. Caſſini de Thury. By ibe Rev. Nevil Maſke- 
lyne, D. D. F. R. S. and Aftronomer Royal. p. 15 
XIX. An Account of the Mode propoſed to be followed in deter- 
mining the relative Situation of the Royal Obſervatories if | 
Greenwich and Paris. By Major-General Willaam Roy, 
F. R. S. and A. S. p. 188 
XX. Account of Three Volcanos in the Moon. By William 
Herſchel, LL. D.; communicated by Sir Joſeph Banks, Ba 
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I. As * af a new Comet. In a Letter from N, 5 Caroline 
Herſchel fo Charles Blagden, M. D. See. R. S. 


nd Nov. 9, 1786. 


$18, 


N conſequence of the friendſhip which I know to exiſt 
between you and my Brother, I venture to trouble you in 
his abſence with the following imperfect account of a comet. 
The employment of writing down the obſervations, when 
my Brother uſes the 20-feet reflector, does not often allow me 


time to look at the heavens ; but as he is now on a viſit to 
Vor. LXXVII. * Germany, 


* * . ®..: — * * * 4 
- 


22 . 825 Mi | © . 9 * 
wang, 1 I eg taken the, opportunity of his ab to 
_ finvep in the neighBourhood | of the ſun, in ſearch of cqmets.; 3 
and laſt night, the iſt of Auguſt, about 10 o'clotk,” 1 found 
an object very much reſembling in colour and brightneſs the 
2 7th nebula of. the > Conno! iſance des Temps, with the difference 
however of being round. I ſuſpected it to be a comet; but a 
hazineſs coming on, it was not poſſible intirely to fatisfy 
myſelf as to its motion till this evening, I made ſeveral 
drawings of the ſtars in the field of view with it, and have 
incloſed a copy of them, with my obſervations annexed, that 
you may compare them — 1 | 
Auguſt 1, 17 786, 9 h. 50', the object in the center is like a 
ſtar out of * while the reſt are perfectly And, and I 
ſuſpect i it to be a comet. Tab. I. fig. 1. | 
10 h. 37, fig. 2. the ſuſpected comet makes n now a . 
: iſoſceles triangle with the two ſtars 4 and 5. 
11 h. 8”, I think the ſituation of the comet is now as in 
fig. 3-3 but it is ſo hazy that I cannot 2 ſee the {mall 
ſtar b to be aſſured of the motion. 
By the naked eye the comet is between os RY and 5 34 
Urſz majoris, and the 14th, 15th, and 16th Comæ Berenices, 
and makes an obtuſe triangle with them, the vertex of which 
zs turned towards the ſouth. 
. 10 h. 9%, the comet is now, with reſpect t to the 


ſtars 4 and 6 *, ſituated as in fig. 1 therefore the motion ſince 
laſt hes. cod 15 evident. 


10 

* A doubt having ariſen about the identity of the ftars marked a and þ in the 
figures, I have examined that part of the heavens in which the comet was the 
1ſt of Auguſt, in order to ſettle this point, but find ſo many ſmall ſtars in that 
veighbourhood that I have not been able to fix on any of them that will exactiy 
3 anſwer 


a hem Comer. 

10h. 307, another conſiderable ſtar e may be taken into the 
field with it, by placing à in the center; when the comet and 
the other ſtar will both appear in the circumference, as in 
A 
bs: obſervations were made with a Newtonian ſweeper of 
27 inches focal length, and a power of about 20, the field of 
view is 2 12'. I cannot find the ſtars à and c in any cata- 
logue; but ſuppoſe they may eaſily be traced in the heavens ; 
whence the fituation of the comet, as it was laſt night at 
10 h. 330, may be pretty nearly aſcertained. 

| You will do me the favour of communicating theſe obſer- | 

| vations to my brother s aſtronomical friends. 


T have the honour to be, &c. 
CAROLINE HERSCHEL. 


, 


Slough, near Windſor, 
Aug. 2, 1786. 


anſwer theſe figures; and as they were drawn from obſervations made by moon- 
light, twilight, hazy weather, and very near the horizon, it would not be at all 
ſurpriſing if a miſtake had been made : however, as theſe figures were only given | 
with a view to ſhew the motion of the comet, the concluſion of the change of 
Place, which was drawn from them, was equally good whether theſe ſtars were 
the ſame or different. 
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Read Nov. 16, 1786; 


DEAR SIR, 


Is my Siſter's letter of the 2d of if Ag. relative to 65 
comet diſcovered by her, has had the honour of being 
communicated to the Royal Socks 1 beg leave to add the 


following remarks upon ĩt. 


"The track of the parallel not being taken at the time of her 
obſervations, I have endeavoured to recover it by means of 
directing the ſame inſtrument which was uſed on this occaſion 
towards that part of the heavens where it was placed the iſt and 


2d of Auguſt. Hence, from the annexed-figure (ſee Tab. I. hg. 6. * 
in which A, B, repreſents a parallel of declination, we may con- 
clude, that the comet was nearly i in the ſame meridian with the 


ſtar a; but more north than it by an interval equal. to the 


diſtance of the ſmall ſtar b from a. This will conſequently 


give us a pretty good opportunity to aſcertain the comet's place 


with ſome accuracy. 


1 have the honour to be, * 5 


WILLIAM HERSCHEL. 
Slough, near Windſor, 
Nov. 15, 1786. 5 : 


P. S. 
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p. 8. The feſt view ! had of the comet, after my return. 
from Germany, was the igth of Auguſt, when with a 10- 
feet reflector it appeared not much unhke the third nebula of 
the Connoiſſince des Temps, with which it migbt be very con- 
veniently compared on account of its proximity. It was, 
however, conſiderably brighter, and ſeemed to have a very 
imperfect and confuſed kind of gathered light about the middle, 
which could hardly deſerve the name of a nucleus. It had 
alſo, beſides a diffuſed coma, a very faint, ſcattered light 
towards the north following part, extending to. about three or 
four minutes, and loſing itſelf inſenſibly. ; 
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The Lecture founded by the late HENRY BAKER, Eſq. F. R. 8. 
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HE Bakerian * which laft year I had the honour 
to deliver to the Royal Society, contained the account of 
ths nee experiments, particularly concerning the mag- 
netiſm of braſs, from which it appeared, that moſt braſs be- 
comes magnetic, ſo far as to attract the magnetic needle, by 
being hammered, and loſes its magnetiſm by annealing or 
ſoftening 1n the fire; but that there is ſome braſs, which poſ- 
ſeſſes no magnetiſm naturally, nor acquires any by ham- 
mering. . 
"a experiments, mh: tha the reading of that paper, 
having ſhewn a few particulars, which tend to corre& what 
was advanced in the ſaid Paper, I ſhall in the preſent lecture 
mention, firſt, thoſe particulars, and ſhall then proceed to 
relate other experiments and obſervations relating to other 
branches of the ſame ſubject of magnetiſm. 
In performing the experiments on the magnetiſm of braſs, 
I generally uſed a magnetic needle ſuſpended in a peculiar 
manner, as it is deſcribed in my laſt lecture; viz. a common 


ſewing needle, or a piece of ſteel wire rendered magnetic, and 
ſuſpended 


— * * 
A __— 
s 


: Fa CY a R 


ES "Mr. cave — Eee, = PF 
ſuſpended by means of a chain of Hair; ; which, ſort of ſuſpen⸗ | 
ſion I ſind not only from the experiments then made, but alſo 
by ſeveral ſubſequent trials, to be the nimbleſt hitherto con- 
trived; becauſe ſome ſubſtances which ſeem to be quite deſti- 
tute of magnetiſm, by not attracting any of the magnetic 
needles otherwiſe ſuſpended, will ſenſibly affect this. Hows- 
ever, notwithſtanding the nicety of this method for diſcovering | 
a very low degree of magnetic attraction, it was found ſtill 
inferior to that of exploring ſubſtances floating on the ſurface 
of quickſilver, as uſed by M. BRUGMAN “. It ſeemed, there- 
fore, neceffary to repeat ſome of thoſe experiments on braſs, 
and alſo upon platina, by examining their magnetiſm by this 
means, viz. by putting the. pieces of braſs or grains of platina. 
upon the ſurface of quickſilver, and then preſenting a ſtrong 
magnet near them. The reſult of thoſe experiments was, that 
very ſeldom a piece of braſs, or grain of platina, occurred, 
which was not affected by the magnet; and even when they 
were not affected by it, their indifference, as may be expreſſed, 
was not very clear and deciſive; and indeed there are very few 
ſubſtances. in nature which, when examined by this means, 
are not in ſome degree attracted by the magnet, ſo general is 
the diſperſion of iron, or fuch is the tendency which moſt: 
bodies have towards the magnet. 
Such braſs which in the former experiments appeared to: 
have no magnetiſm naturally, nor to acquire any by ham- 
mering, was now faund to be moſtly magnetic, though in ſo 
very ſmall a degree as. to be diſcoverable only when floating 
upon quickſilver. The ſame was the caſe with the grains of 
platina before they were hammered ;_ but after hammering. 


* See his Magnetiſmus, ſeu de Affinitatibus Magneticis, printed at Lyons in 
7778. 
their. 


"= b = 
* {a 2 * 5 Sin hh » 
py * & % 2 T7 
"LY enn "OS 
N * 
Cy 


3 4, IF $6 wieder Ate 5. N 

\ 
. artfalfibn toWards che magnet becatne inore EY 
bete tho bieces of braſs, winks Ty" had not * 


— * 5 = — _—_ 
.-.Y e "> 8 
% ** Ws v —_ 
* * — „„ * — 
= * W 


+. i 4 
Lo * 
wt 


A da 8 
i 2 

- 
* - 


— . 3 ——— — — — — — 
YN & 


ul by lidtnitieribg, but yet 4 ar tan Loo 
the mignet when floating upon — ro Beg fever, or = 

T8ldbtn, Had that = increaſed by hammering. . 
As in the courle of thoſe expetitrients it naturally occurred 
= 10 obſerve feveral particulars, which thay be of uſe to thoſe 
pPerſdus who with to repeat theſe experiinthts, I ſhall how ſub- 
Join the principal of them. 
It is neceſſary firſt of all to obſerve; that the oY wheitlh 
the quickfitver i is put fot the purpoſe of examining the mag- 
Hetiſm of divers bodies, muſt be at leaſt fix inches in diameter; 
—_ the ſubſtances that are fet to float upon the mer- 
curry, will be continually running towards the Tides of the 
veſſel, on account of the curvature of the ſutface of that 
metal, which in narrow veſſels begins from a greater diſtance 
| from the edge, than in veſſels of a larger diameter. ThE 
It is neceſſary likewiſe to keep the quickſilver very clean, 
aud alſo very pure; the want of which precautions will render 
the event of the experiments precarious. I have obſerved a 
very remarkable phænomenon, with reſpe& to the ſurface of 
| the mercury that is uſed for this purpoſe. It is, that though 
= ſubſtances will float upon it with wonderful nimbleneſs, when 
. mercury is firſt poured out of the bottle into the open veſſel, 
yet a ſhort time after, viz. after having remained for an hour 
odr two, and ſometimes for a ſhorter time, expoſed to the atmo- 
ſphere, a piece of braſs or other ſubſtance will by no means 
float upon it with equal facility; fo that ſome pieces of braſs, 
3 or grains of platina, which, after firſt pouring the quickſilver 
into the open veſſel, were evidently attracted by the magnet, 
about 


hoiſt 40 Andor alter wall a8. in the" leafbattrafted by be! The 
method which, when' the ſurface of the quickfilver i: is rendered 


thus fluggith, will effectually purify it, is to paſs the quick- - 


filver through a 'Fannel of paper, viz. a piece of clean writing 
paper rolled up conically, and having at its apex an aperture of 
about a fiftieth part of an inch in diameter; ; which operation ĩs 
ſometimes neceſſary even on firſt pouring out the quickſilver, 


kind of cruſt upon the ſurface of the mercury when expoſed, 


which, though inviſible by mere inſpe&ion, may. be perceived 
by moving the floating body; for if it be tried immediately after 


having paſſed the quickſilver through the paper funnel, the 
floating ſubſtance will ſeem to proceed by itſelf; whereas, ſome 
time after, the ſame body, when moved, ſeems to communi- 


| l 8 + . 


and which I have often been obliged to repeat three or four 
times in the courſe of an hour. There ſeems to be formed a 


cate that motion to the adjacent quickſilver, and to drag = 


along with itſelf, ſomewhat like when one moves a body, 
which floats upon the ſurface of a —_— that begins to 


coagulate. : 


The formation of this cruſt ſeems to be moſtly owing to the 


imperfe& metals, which in various quantities are uſually amal- 


gamated with the common fort of quickfilver ; becauſe that 
amalgamation tends to dephlogiſticate thoſe metals, and the ſemi- 
calcined part floats at the top, and it is not unlikely that the 
dephlogiſtication goes on much quicker in the open air. The 
reality of this ſuppoſition is corroborated by obſerving, that 


the purer the quickſilver is, the ſmaller is the cruſt formed, or 
oppoſition made to the floating bodies. However, I have 
obſerved it in ſome meaſure even in the pureſt quickſilver that 


can be procured ; and am inclined to think, that it muſt be 
Vor. LXXVII DR partly 


* — = 

. : 

— — p — Pas - > * — — . 4 4 : 0 > I ied , 

e p — — —— — — — _— 1m en W „ — — ——— - — | — — —— — — * 4 — — — 2 2 —ä— —— 0 5 *** et a — * — — — — — — 

e — —— , — — 2 — 2 — _— — — 4 _— — hag irene ar 6 — ad” - = 5 h P — o ax 2 why 6 2. A N 5 OP * = 

. : n 1 4 F — — hun — i 2 « - — . 1 2 2 5 E — 
rr * ” K. — 4 7 = pn 
N N 4 _ : — — — - « — — 
x > 7 . , ; o 
8 - 
* b 


> 
— 7 > oy 


_” * - Caratze's Mee, —— 
partly owing to moĩſture, or to very fine duſt chat adheres t to 
K. quickfilver when expoſed te the atmoſphere. 
— performing ſuch experiments care ſhould be had to hep 
the air and the quickfilver as much undiſturbed as poſſible, and 
alſo to preſent the magnet in a proper manner, vir. ſo as not to 
touch the ſurface of the mercury, nor to ſtrike againſt the 
floating body, eſpecially when that is in motion; for after 
the impulſe, though that may be very ſlight, the floating 
body will be impelled backwards, which may be often miſtaken 
for magnetic repulſion. The leaſt exceptionable method is the 
following : firſt, if the floating body be in motion let it ſtop, 
then hold a ſtrong artificial magnet nearly i in a perpendicular 
direction, and with one pole juſt over one ſide of the floating 
body, or rather ſo that the perpendicular, let fall from the 
pole of the magnet to the ſurface of the quickſilver, may be 
about one-tenth of an inch diſtant from the body to be tried. 
I be height of the magnet above the quickfilver ſhould be juſt 
ſufficient to let the floating body paſs under it without touching 
It. In this ſituation the magnet muſt be held ſteady ; and if the 
floating body has any magnetiſm, it will be ſoon drawn directly 
under the magnet. EE 
In theſe experiments it will be at found, that one 
part of the floating body is more magnetic than the reſt, which 
appears from that particular part being conſtantly drawn 
directly under the pole of the magnet; whereas, when the 
magnetiſm is diffuſed equably, the center of gravity of the 
body (provided its ſhape be not very irregular) becomes ſta- 
tionary juſt under the pole of the magnet. 
It is not every magnet that will diſcover the very weak mag- 
netiſm of certain ſubſtances ; for ſometimes a powerful mag- 
net 


or other of the melted braſs, rather than equably diffuſed 
through the ſubſtance of the latter ; and the principal reaſon 
for this ſuſpicion is, that when thoſe pieces of mixed metal 
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the leaſt. 
9 ſhall laſlly obſerve, with reſpect to the « enhjerifginjes ts of laſt 
year's lecture, that though then I thought to have fuſed and 


incorporated together braſs and iron, yet ſome ſubſequent trials 
gave reafon to believe, that the iron is concealed in ſome part 


are tried upon the quickſilver, ſome points in their ſurfaces are 


generally attracted 1 the magnet in preference to others. 


E xperiments and obſervations relating to the att ration between L 


ferrugineous ſubſtances and the magnet, in their di ferent flates 
of exiſtence ; to which are added, ſome rhengls 4 2 * 
cauſe of the variation of the needle. 


It is a propoſition well eſtabliſhed i my | magnetics, that ſoft 


iron, or ſoft ſteel, acquires magnetiſm very eaſily, and loſes it : 
with equal facility; but that hard ſteel acquires that power 
with difficulty, and afterwards retains it obſtinately. From 
the conſideration of thoſe properties I was led to imagine, that 


if a piece of ſteel, whilſt red-hot, were placed between magnetic 


bars, and whilſt ſtanding 1 in that ſituation cold water were to be 
ſuddenly poured upon it, fo as to harden it, there might, per- 


haps, be obtained an artificial magnet, much more powerful 
than what can be produced by the ordinary way ; becauſe the. 
magnetic bars, employed for ſuch purpoſe, would communi- 
cate a great degree of magnetic power to the ſteel, when red 
hot and conſequently ſoft, which power would be fixed upon 
the ſteel by the hardening. 
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k were fo diſpoſed i in an oblong earthen veſlel, as that the north 
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3 length of the ſteel bar which was intended to be rendered mag - 
netic. Things being thus diſpoſed, the ſteel bar was made 


5 netic bars; after which cold water was immediately poured 
upon it, which rendered it ſo hard as not to admit being 


bars of different fizes, and by uſing a greater or leſs number of 
magnetic bars, I found, that ſhort ſteel bars acquire a propor- 
tionably greater degree of magnetiſm b» this method, than 
| thoſe which are longer; that the magnetiſm i in the longer bars 
is not proportionably as ſtrong, principally becauſe the arti- 


center ; and, laſtly, that when, in order to remedy. the juſt 


acquires many ſuecceſſive magnetic poles. | 


not ſufficient to communicate to ſteel bars an extraordinary 
degree of magnetiſm, yet it may be of great uſe in coũſtructing 
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In order to put this project to the. trial, Gx: magnetic bun 


poles of three of them might be oppoſite the ſouth poles of 
the three others, forming two parcels of bars, lying in the ſame 
direction, and about three wwebes aſunder, which nearly was the 


quite red hot, and in that ſtate was placed between the mag- 


filed: its magnetiſm was found to be confiderably ſtrong, but 
by no means extraordinary. From repeated trials with ſteel 


ficial magnets being placed at their extremities have very little 
power on thoſe parts of the Pieces of ſteel which are nearer its 


mentioned impediment, more magnets are placed nearer the 


middle of the ſteel bar, then this piece of ſteel generally 


Upon the whole it ſeems, that though this ET ods be 


large artificial magnets z for if thoſe. bars, inſtead of being 
hardened in the uſual way by plunging them when red- hot 
in water, be hardened whilſt ſtanding between powerful 
magnets, they will thereby acquire a conſiderable degree of 
magnetic power without any additional trouble to the work - 
men. 


| nents and. — 1 „ 
mes: They may thin be -pohthed, after which they may be 
rendered more ſtromgly magnetic: by the uſual. method of 
e them with other magnetic bars; whereas it is a very 
laborious operation to render magnetic large bars of hardened 
ſteel from the very . vir. When they have none of 
that power. 4 | 
In the courſe: of: en thoſe trials, I begventiy ob- 
ſerved, that the pieces of ſteel, whilſt they were red hot, 
ſeemed not to be attracted by the magnets; ſo that the leaſt 
ſhock, and even the pouring of the water, could remove them 
from the proper ſituation, which rather ſurpriſed me; becauſe 
it has been aſſerted, by ſome authors, that the magnet attracts 
red-hot iron as well as cold. KIRcHER eſpecially ſays, that he 
tried the experiment *, and found that a piece of iron heated ſo 
as to be hardly diſcerned from a burning coal, was attracted by 
the magnet as eaſily as when cold; and he even aſſigns a reaſon 
why-the power of a magnet 1s deſtroyed by a great degree of 
heat; whereas the red heating of the iron will not prevent its 
being attracted by the magnet. The reaſon he gives is, that 
the fire corrupts and calcines the magnet, but purifies the iron. 
The following experiments were made in order to aſcertain this 
matter. in 5 
I kept a piece of ſteel in the fire till it was quite red hot, 
21 in that ſtate preſented the magnet to it, ſo as to touch it 
repeatedly in various places; but no fign of attraction could be 
perceived before the redneſs diſappeared. I mean, however, 
ſuch redneſs as may be evidently ſeen in the clear daylight; 
for, as was ſhewn by other experiments, when the magnet 
begins to attract the heated 1 iron, the redneſs of the latter can 
ſtill be ſeen in the dark. 


* De Magnete, bb, I. p · II. theorem xxxi. 
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to the magnet, if the magnet touch it, that contact cools it 
inſtantly below the neceſſary degree of heat, and of courſe the 
attraction takes place. It is owing to this laſt cauſe that I 
have not yet been able to aſcertain, whether the attraction be- 
tween the magnet and the iron be quite annihilated, or only 
diminiſhed to a great degree, by rendering the iron red or 
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| Having repeated the experiment with different pioces of iron 
and of fel, the reſult was conſtantly the fame, viz. whilſt 
the iron or ſteel ac quite red hot or white hot, the mag · 
net did not attract it; but the attraction began when that degree 
of redneſs, which is clearly perceivable in the daylight, began 


to diſappear; and it was as ſtrong as ever when the iron was 


cooled a little more than when the redneſs quite diſappeared in 
the dark. In regard to this limit or maximum of attraction, 


F think I have obſerved, as well as the nature of the experi- 


ments would permit, a difference between ſteel and iron, 
which. is, that in the ſteel the maximum of attraction follows 
the diſappearance of the red heat ſooner than in iron. 


This experiment is ſubject to two ſources of miſtake, which 
perhaps miſled Father KI RchERRx, and which are neceſſary to be 
mentioned for the fake of others who with to repeat this expe- 


riment. The firſt is, that when a piece of iron of no great 
extent is red-hot, or even white hot, in one place, and below 


a'red heat in other parts, the magnet will frequently attract it, 
though the red-hot fide be preſented to it. The ſecond cauſe 


of miſtake is, that when a ſmall piece of iron or ſteel, as a 


common ſewing needle, is made red-hot, and is then preſented 


white hot; ſo that I can only lay with certainty, that a mag- 


hot; whereas it will attract another piece of iron at leaſt fifty 
times bigger, if it be cold or below a red heat. 


I To 


net will not attract a certain piece of iron red hot or white 
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To try this property in a different and more convincing way, 
1 heated a large iron nail till it was white hot, and in that ſtate 
placed it upon an earthen ſupport near one pole of the mag< 
netic needle, ſo as to lie not in the ſame direction, but on one 
fide of it. Then, looking attentively on the graduated circle of 
the compaſs, I obſerved, that the needle was not in the leaſt 
moved from its natural ſituation, whilſt the nail remained red- 
hot; but, as ſoon as the redneſs began to diſappear, the needle 
advanced towards the nail, and a few ſeconds after the needle 
pointed directly towards it. * 

I tried whether in this experiment any difference was occa- 
fioned by the magnets being natural or artificial; but, as it 
might be expected, there was none. 
In purſuance of thoſe magnetic experiments wherein 1 
is concerned, I tried the effects which took place when the 
magnet was heated; but as the diminution of its power by 
heating, and an increaſe of it by cooling, were obſerved and 
deſeribed by the late Mr. CanToN, I ſhall only add a circum- 
ſtance, which may perhaps be new. It is that an artificial 
magnet, after having had its power diminiſhed by heating, does 
not recover it intirely again by cooling; ; having conſtantly 
found, that the magnets which had been heated, after cooling 
would never hold as great a weight of i iron as they did before. 
The heat to which thoſe magnets were expoſed never exceeded 
that of boiling water. This was rendered more evident by the 
following” experiment. 
A magnetic bar was placed in an i. veſſel at ſome 
diſtance from the ſouth pole of the needle of a very good com- 
paſs; by the action of which magnet that end of the needle 

was drawn ſeveral: degrees from the: magnetic meridian, or the 
direction in which it ſtood before. In this ſituation of the 
apparatus 
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; apparatus boiling water was poured into the veſſel wherein the 
magnet | ſtood, in conſequence of which the needle went back 
two degrees and a half. Some time after, when the water 
was quite cold, the needle was found nearer to the magnet, but 
not lacks near as it ſtood before _ hot water was s poured | into the 
ET: on cow es: Ter! ä 
- Next to the eels of m tx was 12 of trying what 
* be effected by decompoſing the iron; and for this pur - 
| poſe an earthen veſſel, containing about two ounces of iron 
filings, was placed near the ſouth end of the needle of the 
. by which the needle was drawn a little out of its 
natural direction. Having g marked where the needle now ſtood, 


ſome water firſt, and then ſome vitriolic acid, were poured upon 
the. filings, which occafioned a briſk efferveſcence, and a co- 


pious production of inflammable air; but ſoon after the begin- 
ning of the efferveſcence, I was ſurpriſed to obſerve, that the 
needle came nearer to the veſſel, ſhewing that the attraction 


power of a magnet is diminiſhed by heat, and that red-hot 


iron has either no attraction at all, or an exceedingly ſmall 


degree of it, towards the magnet, we might have concluded, 


\. that the action of the vitriolic acid upon iron would imme- 


diately diminiſh its attraction, beſides the other ſtrong reaſon 
arifing from the dephlogiſtication of the iron occaſioned by the 


efferveſcence; and in fact ſome time after, when the violence 


of the efferveſcence, and of courſe the production of inflam- 
mable air, begins to abate, the attraction between the needle 
and the filings begins likewiſe to diminiſh ; and at laſt, when 


the efferveſcence is hardly perceptible, the needle is found to 
ſtand 


between the needle and the filings had been increaſed by the' 
action of the vitriolic acid upon the latter, which is coutrary 
to what could have been expected; for if we conſider that the 
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attraction is certainly owing to the loſs of phlogiſton ; it being 


well known, that iron is leſs and leſs attracted by the magnet 


in proportion as it approaches nearer to the calcined ſtate. 


Here follows the particular account of the above-mentioned: 


experiment. | 
The ſouth end of the needle coincided with the 28 5 15 on 
the divided circle. When the pot with the iron * was 


placed on one ſide of it, the needle pointed to 2861 5%, being 
_ drawn juſt one degree nearer. Having added the diluted vitriolic 
acid to the filings, the needle came nearer, and ſtood at 2866 
45%. Ten minutes after the beginning of the efferveſcence it 
| ſtood at 286 3 0s having receded a little ; - and a few minutes 


after this obſervation it ſtood at 2860 300. An additional quan- 


tity of diluted vitriolic acid was now added, which increaſed 
the efferveſcence conſiderably; and on obſerving i it a ſhort time 
after, the needle was found at the ſame point at which i it ae 
before, from which time it began to go back very gradually; YL 
that about three hours after it ſtood at 285* 50“, vis. 3 
from the efferreſcing mixture than it ſtood betore any vitriolic 
acid was poured upon the iron filings. 


As a ſingle experiment ought not to be depended upon when 


an error may be occaſioned by many concurring circumſtances, 


I repeated this experiment with great precaution, taking care 


that nothing could ſhake the needle, or the reſt of the appa- 
ratus; but the reſult was nearly the ſame, the attraction be- 
tween the iron filings and the needle being increaſed by the 


action of the vitriolic acid. 


In order to aſcertain that this effect was not owing to the 
heat generated by the efferveſcence, the pot, with ſome iron 


Vol. LXXVII. D | filings, 
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ſtand farther from the veſſel containing the filings, &c. than it 
ſtood before the vitriolic acid was added, which diminution of 
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filings, was placid near the magnetie needle, 28 before: then 


ſome boiling water was poured upon the filings, which heated 
them much more than the diluted vitriolic acid could have 
done; but the magnetic needle was not moved 1 in the leaft from 


its original ſituation. 
The ſuſpicion which occurred next was, whether the effer- 
veſcence might not agitate the iron filings ſo as to bring a 


greater number of them to that fide of the veſſel, which ſtands 
contiguous to the magnetic needle. In order to obviate this 
objection, the experiment was repeated with a ſingle piece of 
iron inſtead of the filings; but as this piece of iron preſented a 
very ſmall ſurface to the diluted acid, the efferveſcence was 


very weak, and of courſe the magnetic needle did not move 
when the acid was poured | into the pot. At laſt, | in order to 


_ remedy this ſecond inconvenience, ariſing from the want of 
ſurface, I uſed a long piece of ſmall ſteel wire, which was 
twiſted in various directions, fo as to be admitted into the pot; 
in which caſe the metal preſented a large ſurface to the acid, 


and it was not ſubje& to be moved by the efferveſcence. The 


reſult was ſimilar to that of the firſt experiment, viz, the 
- attraction was increaſed by the action of the acid on the wire; 
and here follows the particular account of the experiment. 


About ſix yards of clean ſteel wire, ſomewhat leſs than one- 
fiftieth of an inch in diameter, being twiſted in various direc- | 
tions, was put into an earthen veſſel, which was placed near the 


ſouth end of the magnetic needle, which in conſequence of 
that was drawn ſrom its natural ſituation, vs. from 2817 to 280. 
After adding the diluted vitriolic acid, a ſtrong efferveſcence 
commenced, and the needle came to 279 47'. About five 


minutes after, it ſtood at 279% 35'. Five minutes after this, it 
ſtood at 279 3o'. And a little after this obſervation, it ap- 
5 e peared 
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peared to „ be even ſomewhat nearer to the pot than the above- 
mentioned point. The experiment was then diſcontinued, and 

on removing the pot, the needle went back to its original — 
tion, viz. 281*; which ſhewed, that its alteration during the 
proceſs was occaſioned by the action of the acid on the iron, 
and-not by any extraneous cauſe. 

On examination the wire was found only blackened on its ſur- 
face, but not nearly conſumed ; I had therefore the curioſity of 
trying the ſame wire again, and accordingly it Was placed in 
the ſame veſſel near the magnetic needle, which attracted the 
latter from its original ſituation 28 15 to 280%. After adding the 
acid, the needle came nearer, as in the n experiment; 

and a ſhort time after it ſtood at 2797 3o', at which time the 
pot was removed, there being no occaſion to contiuue the expe- 
riment any longer. | 15 . 

On pouring the liquor out of the pot, the wire did not appear 
to be much waſted. The pot was then replaced near the 
needle, ſo as to attract it a little nearer as before; but on pour- 
ing boiling water upon the wire, a pretty briſk efferveſceneꝶ 
took place, and the needle was in conſequence attracted ſtill 
nearer. This experiment ſhewed, that though the diluted 
acid had been poured out, yet there remained a quantity of it 
adhering to the wire, which was ſufficient to renew the effer- 
veſcence, when aſſiſted by the heat of the boiling water. 

Upon the whole, it appears, that the action of vitriolic acid 
upon iron or ſteel increaſes their attraction towards the mag- 
net; that this increaſe of attraction has a limit, after which it 
begins to decreaſe; and that this limit ſeems to come ſooner 
when iron than when ſteel is uſed; but, however, in reſpect 
to this laſt particular I am not yet quite certain, ſince, ' in the 
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experiments hitherto made, the variety in the ſhape or bulk of 

the iron or ſteel may have occaſioned a confiderable difference. 
Aſter the reſult of thoſe experiments, it was natural to exa- 
mine the effect which other acids might have on iron and ſteel ; 
therefore the above-mentioned experiment of the ſteel wire 
was repeated with nitrous inſtead of vitriolic acid ; the reſult of 
which was that the attraction between the magnetic needle 
and the wire was increaſed, but not ſo much as when vitriolic 
acid had been uſed. Here follows the particular account of 

| the experiment. e 

About ſix yards of clean ſteel wire, near one-fiftieth of an 
inch in diameter, being twiſted | in various directions, was 
placed in the uſual veſſel near the ſouth end of the needle; in 
conſequence of which the needle was attracted from its natural 
ſituation, /. from 2835 32“ to 282 o“. About two ounces 
of water were then poured over the wire, and immediately 
after, near one ounce of nitrous acid was added, which 
produced an efferveſcence : : the magnetic needle, however, 
hardly moved from its former ſituation ; but in about a minute's 
time, the efferveſcence being increaſed very much, the needle 
came to 282 42. About a quarter of an hour after, the vio- 
lence of the efferveſcence abated a little, and the needle went 
back again to 282 50“. A ſhort time after, it ſtood at 285 
2'. At laſt; when about half an hour had elapſed lives the. 
beginning of the operation, the efferveſcence was hardly per- 
ceivable, the liquor was become red like the colour of red 
ochre, and the needle ſtood at 283 15/, viz. farther from the 
veſſel than it did before the acid was added to the wire. 
It appears, therefore, that the efferveſcence occaſioned by the 
nitrous acid produced a ſimilar effect, though not in ſo great a 
degree as the vitriolic. The maximum of the attraction ſeems 


to 
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to come ſooner when nitrous than when vitriolic acid i is uſed, 
after which limit the attraction decreaſes much faſter in the 
former than in the latter caſe, which is evidently owing to the 
metal being more eaſily dephlogiſticated and diſſolved W the 
nitrous than by the vitriolic acid. 
The marine acid was tried next; but, notwithſtanding all 
the precautions I could take, it always occaſioned a very weak 
efferveſcence, and the needle was not in the leaſt affected by it. 
A ſtrong efferveſcence ſeems to be neceſſary to increaſe the 
attraction between the magnet and iron or ſteel; for when I 
tried the experiment by putting a ſmall quantity of acid into 
the veſſel, the efferveſcence was exceedingly weak; the mag- 
netic needle was not at firſt affected by it, but ſeveral hours 
after it ſtood a little farther from the pot, which was evidently: 
owing to the dephlogiſtication of the iron. 
After obſerving the action of acids on iron, I next tried to 
decompoſe that metal by means of fire, to obſerve what effect 
would take place with reſpect to its magnetiſm. For this pur- 
poſe two ounces of iron filings were mixed with an ounce of 
flowers of ſulphur and an ounce of nitre. This mixture was 
put into a ſmall and ſhallow earthen veſſel, and was placed near 
the ſouth extremity of the magnetic needle, which attracted 
the needle nearer than its natural ſituation by about one degree 
and a half. A pane of glaſs was interpoſed between the mag- 
netic needle and the veſſel. Things being thus ditpoſed, the 
mixture was fired, and it burned rather ſlowly, the fire ſome- 
times going out, ſo as to require being fired again ; till at laſt it 
would burn no longer. During this FRIES a the needle was 
once attracted ſomewhat nearer ; but its motion that way was 
ſo little, that I could not be quite certain of it. This happened 


not long after the fire was firſt communicated to the mixture; 
after 
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after which the needle generally vibrated backwards and for 
wards, but upon the whole 1 it gradually receded. , 
' On repeating the experiment with a larger quantity of the 
mixture, and alſo with different proportions of ingredients, I 
could not obſerve any particular attraction. The needle vibrated by 
rather more than before, but gradually receded ; ſo that at laſt F 
it ſtood farther from the veſſel than it did before the mixture 
was ſet.on fire, though not quite in its natural direction. : 
The vibration of the needle in this experiment, or its wav- ill 
ing motion, was probably owing to the irregular burning of 4 
the mixture, and perhaps to the heating of one part of it whilſt 1 
the other was burning. The gradual receding of the needle l 
as certainly owing to the dephlogiſtication of the iron. g 
After having thus related the reſult of experiments, I ſhall 5 
now beg leave to add a few thoughts concerning the application 0 
of thoſe obſervations towards accounting for the variation of = 
the magnetic needle. 
1! This wonderful phænomenon has, PIPE it was firſt diſcovered, 1 
employed the thoughts of very able philoſophers; many hypo- 5 
| * theſes having been offered, not only for its explanation, but 6 
| | even to foretel the future variations in various parts of the i 
| World. 1 need not detain this learned Society with a particular 8 
| | Rhnaaiſtory of thoſe hypotheſes, but ſhall only obſerve in general, : 
ij that neither their predictions have anſwered, nor any of them h 
was founded upon evident principles. The ſuppoſition of a 2 
large magnet being incloſed within the body of the earth, and 
of its relatively moving with reſpe& to the outward ſhell or 4 
cruſt; the ſuppoſition of there being four moveable magnetic 1 
poles within the earth ; the hypotheſis of a magnetic power, 5 
partly within and partly without the ſurface of the earth; toge- 1 


ther with ſeveral other hypotheſes on the ſame ſubject, are not 
only 
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only onwarranted by actual experiments, but do neither ſeem 
analogous to the other operations of nature. The late ingenious 
Mr. CanTon, Member of this Society, was the firſt, who 
endeavoured to account for the daily variation of the magnetic 
needle by the heating and cooling of the magnetic bodies in 
different parts of the earth's ſurface ; which was in conſequence 
of his having firſt obſerved, that the action of the magnet on 
the needle was diminiſhed by heating, and increaſed by 
cooling ®, | 
* ollowing Mr. Caxrox“ $ judicious method of deriving the 
explanation of natural appearances from properties actually 
proved by experiments, I think, that the increaſe and diminu- 
tion of magnetic attraction by heating and cooling of the mag 
net, as obſerved by Mr. CAN rox, together with the reſult of 
the experiments recited in this Paper, ſeem fully ſufficient to 
account for the general variation of the needle. 

If we collect under one point of view all the cauſes hitherto 
aſcertained, which can increaſe or diminiſh the attraction be- 
tween magnetic bodies, we ſhall find, that the attraction 
between the magnet and iron, or between magnet and magnet, 
is increaſed by cooling, by a regeneration of iron or phlogiſti-- 
cation of its calx, and within certain limitations by the action 
of acids upon the iron; that this attraction is diminiſhed by 
heating, and by the decompoſition of iron; and, laſtly, that it 
is probably annihilated by a very great degree of heat. 
_ Theſe truths being premiſed, it muſt be conſidered, firſt,. 
that, according to innumerable obſervations and daily expe- - 
rience, the body of the earth contains almoſt every where fer- 
ruginous bodies in various ſtates and bulks ; ſecondly, that the 
magnetic needle muſt be attracted by all thoſe bodies, and its 
* Philoſophical Tranſactions, vol. LI. p. 398. 
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ſituation or direction muſt be determined by all thoſe attractions 
conſidered together, vis. from their common center of action; 
thirdly, that by removing or altering the degrees of attraction 
of ſome of thoſe bodies which are ſituate on one ſide of the 
magnetic meridian, more than of thoſe fituated on the other 
fide, the above-mentioned common center of attractions, and, 
of courſe, the direction of the magnetic needle muſt be altered, 
which in fact is the variation of the needle; and, laſtly, that 
this alteration in the attractions of ſome of the ferruginous 
bodies in the earth muſt undoubtedly take place, it being occa- 
ſioned by the parts of the earth being irregularly heated and 
cooled, by the action of volcanoes which decompoſe or other- 
wiſe alter large maſſes of ferruginous ſubſtance, by earth- 
quakes which remove ferruginous bodies from their original 
places, and we may add alſo by the aurora borealis ; for though 
we are as yet ignorant of the cauſe of that ſurpriſing phæno- 
menon, it is however certain, that the magnetic needle has 
been frequently diſturbed when the aurora borealis 1 
very ſtrong. 
The magnetic needle, therefore, being 8 affected 
by thoſe cauſes, it ſeems unneceſſary to have recourſe to other 
hypothetical cauſes which are not eſtabliſhed on actual expe- 
rience. 

In order to — this explanation of the variation in a 
familiar manner, I made the following experiment, with the 
account of which I ſhall conclude this Paper. Four earthen | 
veſſels were diſpoſed round the magnetic needle, two near its 
ſouth, and the other two near its north pole, but not at equal 
/ diſtances. In one of thoſe veſſels there was placed a natural 
| magnet; the ſecond contained ſeveral ſmall bits of magnetic 
1 ſteel mixed with earth; and in each of the other two there were 
I! put 
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25 
put about four ounces of iron filings. Things being thus diſ- 
poſed, and left undiſturbed for about half an hour, the needle 
remained unaltered. Then the pieces of magnetic ſteel and 
earth were ſtirred with a ſtick, in conſequence of which the 
needle was agitated. After this, ſome diluted vitriolic acid was 
poured upon the filings in one of the veſſels, the action of 
which attracted the needle that way; but whilſt the needle 
remained in that ſituation, ſome diluted vitriolic acid was 
poured upon the iron filings in the other veſſel, which ſtood on 
the other fide, in conſequence of which the needle went back 
again towards its former direction. Whilſt the efferveſcenoes 
were going on in the two veſſels, the magnet in the firſt veſſel 
was heated by means of boiling water, which occaſioned ano= 
ther alteration in the direction of the magnetic needle; and 
thus, by altering the ſtate of the ferruginous ſubſtances in the 
veſſels, the needle's direction was altered, in evident imitation of 
the natural variation. 


T. CAVALLO. 


Vor. LXXVII. E 


iv. Deſeription of a new 22 In 4 1 2 the | 


to o the Royal Society. (See Tab. II. fig. 1. and . Which _ 
ſent two ſections of the mſtrument.) 
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Rev. Abraham Bennet, M. 4. to the Rev. Joſeph Prieſtley, 
L. F. R. S. 


Read December 7, 1786. 


REV. 8 I R, e Wirkfworth, Sept. 145 1786. 


SE ND you a 3 af my elefrometer, which, hav- 
ing the honour of your approbation, may be communicated 


It confiſts of two flips of leaf gold, aa, fuſpended. in a 
glaſs b. The foot c may be made of wood or metal; the cap 
d of metal. The cap is made flat on the top, that plates, 
books, evaporating water, or other things to be electrified, 


may be conveniently placed upon it. The cap is about an inch 


wider in diameter than the glaſs, and i its rim about three-quarters 
of an inch broad, which bangs parallel to the glaſs, to turn off 


the rain and keep i it ſufficiently inſulated. Within this is ano- 


ther circular rim, about half as broad as the other, which is 


lined with filk or velvet, and fits cloſe upon the outſide of the 
glaſs; thus the cap fits well, and may be eaſily taken off to 


repair any accident happening to the leaf gold. Within this 
rim is a tin tube e, hanging from the center of the cap, ſome- 
what longer than the depth of the inner rim. In the tube a ſmall 
peg / is placed, and may be occaſionally taken out. To the 


r 
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Ms. BNN Deſtriptien, Kc. - 9 
which is made round at one end and flat at the otlier, two 
ſlips of leaf gold are faſtened with paſte, gum-water, or varniſh. 

Theſe flips, ſuſpended by the peg, and that in the tube faſt to 
the center of the cap, hang in the middle of the glaſs, about. 
three inches long, and a quarter of an inch broad. In one 
ſide of the cap there is a ſmall tube g, to place wires in. It is 
evident, that without the glaſs the leaf gold would be fo agi- 
tated by the leaſt motion ef the air, that it would be uſeleſs ; | 
and if the electricity ſhould be communicated to the ſurface 
of the glaſs, it would interfere with the repulſion of the leaf 
gold; therefore two long pieces + h of tin-foil are faſtened with 
varniſh on oppoſite ſides of the internal ſurface of the glaſs, 
where the leaf gold may be expected to ſtrike, and in con- 
nexion with the foot. The upper end of the glaſs is covered 
and lined with ſealing- wax as low as the outermoſt rim, to 
make its inſulation more perfect. Tab. III. fig. 1. repreſents 
the inſtrument joined together, and ready for uſe. 
323 following experiments will ſhew the ſenſibility af ds. 
inſtrument. See Tab. IV. _ 
1ſt, Powdered chalk was put into a pair of bellows, EY 
blown upon the cap, which electrified it poſitively when the 
cap was about the diſtance of fix inches from the nozzle of, the 
bellows ; but the ſame ſtream of powdered chalk eleQrified it ne- 
gatively at the diſtance of three feet, as repreſented i in fig- 2. and 
3. In this experiment there is a change of electricity from 
_ poſitive to negative, by the diſperſion or wider diffuſion of the 
powder in the air. It is alſo changed by placing a bunch of. 
fine wire, ſilk, or feathers, in the nozzle of the bellows, and is 


5 wholly negative when blown from a pair of bellows without 
3 their iron pipe, ſo as to come out in a larger ſtream; this laſt 
- experiment did not anſwer in dry weather ſo well as in wet. 
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| chalk put into the bruſh, and projected upon the cap, electrifies 
it negatively; but its electricity is not communicated. Fig. 4. 


plate, either inſulated or not, ſo that the powder may paſs: 
cover the cap, if not too far off, it 1s alſo poſitive. Or if a 
bruſh is placed upon tbe cap, and a piece of chalk drawn over 
it, when the hand is withdrawn the leaf gold gradually opens 
with poſitive electricity as the cloud of chalk diſperſes. 


placed upon the inftrument, electrifies it negatively. Fig. 6. 
| ether powders have been tried ; as projecting chalk from a: 


book ſuddenly together, alſo ſifting the powder upon the cap; 
all which electrified it negatively : but the inſtrument being | 
; placed 1 m a duſty road, and the duſt ſtruck up with a ſtick near 

it, eleArified 1 it poſitively. Breaking the glaſs tear-upon a book. 


like chalk : red ochre and yellow, roſin, coal aſhes, powdered. 
crocus metallorum, aurum moſaicum, black-lead, lampblack. 


(wn was only ſenfible | in the two-firſt. methods), powdered. 


The poſitive 0 of t — th us — is comm: 
nicated becauſe part of ah 1 ſticks to the cap; but the 


as the cloud of chalk is diſperſed. _ 
Adly, A piece of chalk drawn over a bruſh, or 50 


zZdly, Powdered chalk blown with the mouth or bellows. 
from a metal plate placed upon the cap, electrifes it perma- 
nently poſitive. Fig. 5. Or if the chalk is blown from the 


Athly, Powdered chalk falling, from one plate, to another 


Other methods of producing electricity with chalk and 


gooſe wing, chalking the edges of books and clapping the 


electrified it negatively, probably by friction in the act of 
ſhivering, for when broken in water it did not electrify it. 

Wheat flour, and red lead, are ſtrongly negative in all 
caſes where the chalk is poſitive. The following powders were 


quick- 


Rofin and chalk, ſeparately alike, - were changed by mixture; 
this was often tried in dry weather, but did not ſueceed in 


— flowers of ſolphur, i iron filings, ruſt of iron, ſand. 


damp: white lead alſo ſometimes produced poſitive, and ſome- 
times negative, when blown from a plate. 

If a metal cup be placed upon the cap, with a red-hot _ 
in it, a ſpoonful of water thrown in ele&rifies- the cup nega- 
tively ; and if a bent wire be placed in the cap, with a piece of 
paper faſtened to it to increaſe its ſurface, the poſitive electri- 
city of the aſcending vapour may be tried by introdueing the 


paper into it. Perhaps the electrification of fogs and rain is: 


well illuſtrated by pouring water through an inſulated cullender, 
containing hot coals, where the — 5 is — and 
falling drops negative. Fig. 7. . 

The ſenſibility of this cleQhvemeter may wh ted in- 
creaſed: by placing a candle upon the cap. By this means a 


cloud of chalk, which only juſt opens the leaf gold, will cauſe 


it to ſtrike the ſides for a long time together; and the electri- 
city, which · was · not before communicated, now paſſes 1 into the 


electrometer, cauſing the leaf gold to repel, after it is carried 


away. Even ſealing- wax by this means communicates. its fire 


at the- diſtance of twelve inches at leaſt, which it would 


ſcarcely other wiſe do by rubbing upon the cap. 
A cloud of chalk or wheat flour may be made in one room, 


and the electrometer; with its candle, be afterwards leiſurely 


brought from another room, and the cloud will electrify it 
before it comes very near. The air of a room, adjoiniug to 


that wherein the electrical machine was uſed, was very ſenſibly 


electrified, which was perceived 7 carrying. the- inſtrument” 
through it with its-candle, Fig. 8. 
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| cleftrometer has been often 
of kites without metal, and their paſitive electricity cauſed the 

leaf gold to ſtrike the ſides; but when a kite was raiſed. in 
* . cloudy weather, with a wire in the ſtring, and when it gave 
ſparks about a quarter of an inch long, the electricity Was 


woollen, cotton, parchment, and paper, all which produced 
negative repulſion; but when the other fide of the book was 
ſtruck with ſilk, it became poſitive ; this ſide, ſtruck at right 


Mr. Banant's Defipai of * 
er, When no clouds PER IS 
applied w the inſulated . ring 


ng 


ſenſible by the electrometer at the diſtance of ten yards or 
mote from the ſtring; but, when placed at the diſtance of ſix 


"feet, the leaf gold continued to ſtrike the ſides of the electro- 
meter, for more than an hour together, with a velocity in- 
creaſing and decreaſing with the denſity or diſtance of the 


unequal· clouds which paſſed over. 
Sometimes the electricity of an — cloud has 8 


ſenſible without a kite, though in a very unfavourable ſituation 
for it, being in a town ſurrounded with hills, and where 
buildings encompaſſed the wall on which the electrometer was 


placed. A thunder cloud paſſing over, cauſed the leaf gold to 
ſtrike the ſides of the glaſs very quick at each flath of lightning, 
No ſenſible electricity is produced by blowing pure air, pro- 


jecting water, by ſmoke, flame, or exploſions of gunpowder. 


A book was placed upon the cap, and ſtruck with filk, linen, 


angles with the former, was again negative; and, by con- 


tinuing the ſtrokes which produced poſitive, it changed to ne- 


gative, for a little while; and, by ſtopping again, became 
poſitive. No other book would do the ſame, though the ſides 
were ſcraped uuchalked, upon a ſuppoſition that altering the 
ſurface would produce it. At laſt, one fide of a book was 


moiſtened, which changed it; ſo I concluded, that one edge 


I = . of 


of the book had lain in a dunp place; which conjeCture was ry i | 
farther confirmed by all the books becoming poſitive i in damp : 
weather, and one of them _ dried at the fire again N 
negative. _ 

When the cap is ee with excited ſealing-wax, the 
leaf gold may be made to ſtrike the ſides of the glaſs more than 
twelve times; and as the ſealing wax recedes, it ſtrikes nearly 
as often; but, if it approaches much quicker than it recedes, 
the ſecond number will ſometimes be greater. e 
The quantity of electricity neceſſary to cauſe a repulſion of | 
the leaf gold is fo ſmall, that the ſharpeſt point or edges do 
not draw it off without touching; hence it is unneceſſary to 


— or _ in the conſtructon of this nn. 


Lam, &c. 
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of the Royal Society, to be inſerted in the Philoſophical Tran- 
ſactions, as an Appendix to my Paper, communicated by Dr. 
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Letter. from the Rev. Abraham Bennet, M. A. to Charles 
dualen, M. D. * R. S. 


Read December * | 
8 TR, Sgt Hes ng | Wirkſworth, Dec. 18, 1786. 


x H E Giving g deſeription of my Electrometer, connected 
with M. Vol. r A's Condenſer, waits on the approbation 


PRIESTLEY. 
The metallic cap of the clectrometer i is FR this ——_ to 
be ground and poliſhed flat and ſmooth, to fit a piece of marble 
alſo poliſhed on both ſides, and varniſhed. In the ſide of the 


8 marble is to be fixed a glaſs or baked- wood handle. Laſtly, on 


the top is a ſmaller metallic plate, furniſhed alſo with an in- 


ſulating handle. The whole conſtruction will be underſtood by 
the annexed drawing (fee Table III. fig. 2.). When a ſmall 


charge of electricity is communicated to the metal at A, whilſt 


the marble B is touched, the ſingle condenſer is charged, and its 


electricity (if in ſufficient quantity) will be ſenfible when the 
marble is lifted up by the handle C; but, if not now ſenſible, 


touch the ſmall plate D, whilſt thus lifted up ffom the cap, and 


then lift it off the marble by its inſulating handle, and pre- 
2 1 ſenting 


"a, Banxzr "s Ajpendi, Ke. E 5 9 
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2 it to EY cap of the electrometer (if not ſtill 1 in too. ſinall-- 
a quantity) it will cauſe a divergence of the leaf gold, by an 
electricity of the ſame kind with that which was communi- f 
cated to the cap, and iu which cap a ſmall quantity of electri- f 
city remains. Thus both the larger and ſmaller condenſers of 
M. Vol rA are connected with the electrometer, ſo as to be uſed 
in the moſt ſimple, expeditious, and convenient manner I can 
think of. Their amazing power of condenſing electricity is 
ſufficiently explained in M. VoLTa's Paper, befors publiſhed 
in the Philoſophical Tranſactions. 


To the experiments on blowing powders from a pair of 
bellows I have to add, that if the powder is blown at about 
the diſtance of three inches upon a plate which is moiſtened 
or oiled, its electricity is contrary to that produced by 
blowing upon a dry plate. This ſhews. that the electricity * 
the ſtreams of powder iſſuing out of the bellows is only con- 
trary to the more expanded part, becauſe it is within the in- 
fluence of its, atmoſphere ; for when this is deſtroyed by the 
| adheſion of the powder to the moiſtened plate, it is negative 
when the bellows ate-poſitive, as it was before pens when 
the more expanded cloud was negative. 

I have alſo to add, that the experiments on evaporation of 
water may be tried with more eaſe and certainty of ſucceſs by 
heating the ſmall end of a tobacco pipe, and pouring water 
into the head, which, running down to the heated part, is 
ſuddenly expanded, and will ſhew its electricity when projected 
upon the cap of the electrometer, more ſenſibly than any other 
way J have tried. If the pipe be fixed in a cloven ſtick, and 
placed in the cap of one electrometer, whilſt the ſteam is pro- 
jected upon another, it produces both electricities at once. 
VoL. LXXVII. F _ 
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VI. Some Accoun of an Earthquake alt in the Nurtbern 2 | 
of England. & + Leiter from Samuel More, Et. to Sr. 
J oſeph _ Bart. P.R.S. 


* 


Read December 7, 1786. 


SIR, 


| Caftle-Head, Lancaſhire Angut 22, th; 


TAKE the liberty of addreffing this to you, to give you 
information, and furniſh you with all the particulars'I have 
been able to collect, relative to a ſhock of an earthquake felt in 
this part of the kingdom on Friday, the 11th inſtant, about 
two o'clock in the morning; ſome ſay it was a little before that 
hour, others a little aſter, owing probably” e to the difference of | 
the clocks. £ 
I was at that time in the houſe of a miner at Attend his 
1 Cumberland, but perceived no ſhock ;; nor do I believe it . 
was felt in that neighbourhood, as no mention was made of it 
by any of the miners I converſed with during the courſe of 
the day; but, on my arrival at Penrith in the evening, every 
one there ſpoke of it as having been ſenſibly felt in that town. 
The next day, purſuing my Journey, I was informed it had been 
felt along the banks of Ulſwater, in Patterdale, at Ambleſide, 
along the fide of Winander Meer, and particularly at the houſe 
in the iſland on that lake, the property of Mr. CHRISTIAN. At 
the place where I am now writing, the Lady of the houſe, and 
ſome of the ſervants, were awakened by it, and deſcribe it as 
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; * ſhaking violently the beds, the chairs in the rooms, and the 
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ſaſhes of the windows. At Cartmeal, a town: about five miles 
from hence, it was alſo felt very ſeverely; and at the village 
of Carke, two miles from Cartmeal, a gentleman (Mr. 
Fi zErenkx Srock Datz) tells. me, he was awake ſome time 
before the ſhock; that he firſt heard a rumbling noiſe, Ie a 
carriage at a diſtance, and was conſidering what carriage could | 
be moving at that hour, when. he felt the ſhock. The noiſe 
| continued ſome time after'the ſhock was over; and he thinks . 
the whole might laſt about four or five ſeconds, and it ſeemed 
to travel from the eaſt to-the weſtward. Almoſt every, body 1 in 
the neighbourhood of Carke and Cartmeal were. awakened by 
it, and ſome perſons much alarmed ; but I do not find that, 
at any part where I have been, any damage has been done by 
it. At Lancaſter, about ten miles eaſt of Cartmeal, it was 
very plainly felt, particularly, as I am told, in the great 
tower of the Caſtle. It appears to have extended as far as 
Mancheſter, where it was ſlightly perceived. 
Theſe are the particulars I have hitherto been able to collect 
relative to this earthquake, of which I doubt not you will have 
many accounts ſent you ; but if theſe facts furniſh any thing 
not mentioned by your other correſpondents, it will afford 


great pleaſure to, Wir, &c. 


SAMUEL MORE. 


the middle of 'Auguft 1784 were 2825 56“ 54“ and 284* 14 
- op BU 00 altitude was obſerved with a 6-feet mural . 
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VII. Determination of the Heliacentric Lingitade of the de- 


ſcending Node of Saturn. By Thomas Bugge, Profeſſor f 
Aſtronomy in the Univerſity of Copenhagen . E 
_ Sir Joſeph 2 Bart. P. R. S. 


Read December 7, 1786. 


HE culmination of Saturn was obſerved with a 6: feet · 
' achtomatic tranſit-inſtrument, and the planet compared 
with o and x of Sagittarius, whoſe apparent ee in 


quadrant. The original obſervations are to be publiſhed in the 


ſedond volume of my Aſtronomical Obſervations. From thoſe 
are calculated the right-aſcenſion and declination, the geocen- 
tric longitude and latitude, of Saturn, which are to be depended- 


upon to 4 or 6 ſeconds. Thoſe obſerved longitudes and lati- 
tudes are compared with the tables of Dr. HALLEY and of M. 
DE LA LAN DE. In the errors of the tables + fignifies that 


the longitude of the tables is leſs than the obſerved longitude z * 


and the meaning of — is, that the calculated longitude is. 


greater than the obſerved. It- ought to be obſerved, that the. 
heliocentric longitudes of Dr. HALLEX's Tables have been cor- 


reed for the perturbations after the principles of M. LAM BERT 
(Memoires de Berlin, pour 1783, p. 216. and Collection des 
Tables Aſtronomiques de Berlin, tom. II. p. 269.) 
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ns * Bucox's Determination of 


The error of | The error of M.! 


ſ eum. 
nation, | H obſerved tab Hall DE LA LAanDE. 
mean time] longitude, | ed lati- |————— — 
bs Copen. | li in lat. | in long. | in lat. | 
h. 1 g| 4 | u | 
y 12112 3 1% 20 34 48 —9 49 | +33 
20111 29 9 19 59 39 1 
10 38 2519 19 9 220 —9 49 +28 
8110 9g 0 18 42 56 
21] 9 14 500 18 1 2300 2 
2278 50 10 17 46 190 0 29A —9 35 | —-30 
. 318 33 47% 17 38 7Þ0 53 
Pept. 5| 3 13 4519 17 29 36 —9 25 | —-27 
15 4 33 459 17 19 390 2 4 g 
A 4 239 17 34 600 3 £ —8 48 | — 22 


In order to reduce the obſerved geocentric longitude to the 
ſan, or by obſervation to find the heliocentric longitude, it is 
required to know the angle at the planet = p. If this angle is 
calculated in the common way only by the tables, there will 
ariſe ſome difference, accordin g to the different elements and 
the different conſtructions of the tables. Thus, at the time of 
Saturn's culmination, this angle is found the 12th of July, by 
the tables of Dr. HarLey =0* 3“ 13”, and by the tables of 
M. pz LA LAN DE =0* 2 O; the 8th of Auguſt by HarLey 
243 35”, and by M. DE La LanDE=2 42 34"; the 
27th of Auguſt after Dr. Herrar =4* 14' 15”, and after 
M. vs La LAN DDE =4* 17 47”. To avoid thoſe differences, 
which often may alter the heliocentric longitude more than 
cne or two minutes, the following method may be uſeful. 
The heliocentric longitude of the earth, calculated after the 
tables of M. Mavzx, is to be depended upon to eight or ten 
ſeconds. From the heliocentric longitude of the earth, and from 
the obſerved geocentric longitude of the planet, corrected for the 
aberration and nutation, is deduced the angle at the earth S, 

2 | OL «= 


| the A Nate of & Saturn. TE 30 
or thediſtance between the ſun and the planet ſeen from theearth. 
The dimenſions of the elliptical orbit of the planet are ſo far al- 
certained, that the logarithms of the diſtance from the ſun have 
not any material difference in the different tables. From the angle 
t, the diſtance of the earth from the ſun, and the diſtance of the 
planet from the ſun, the angle p is calculated to a ſufficient: 
degree of accuracy. Thus, gr 12th of July, by: the diſtances: 
of Dr. HaLLEy, p=0* 2/ 5 „and by the diſtances of M. 
DE LA LANDE=0® 2' 59 ; the 8th. of Auguſt after Dr. 
HALLET p=2" 43' 25”, and after M. DE LA Lanpe p= 
2* 43 Fi the 27th of Auguſt after Dr. HaLLgy. p=- 
4* 14 10%, and after M. vs La Lanpe p=4* 1428“. The 
difference very ſeldom will amount to 20 ſeconds, and is of no 
conſequence in this matter. From the obſerved geocentric 
latitude of the angle at the fun =, and the angle at the 
_ earth St, the heliocentric latitude of the planet is found = 
— lat. geoc. X fin. * 
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= N 8 i | ord time at Þ obſerved Lal: TH 55a helio-| 
784 openhagen. — 3 centric latitude. | 
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When two 3 longitudes, 
and the correſponding northern and 
ſouthern latitude are given, the diſtance 


* . 3 — 
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8 1 WE Dvawifs Deter 8 a 
5 of the . from one of the — or e may is 
3 + found. Let DE be the ecliptic, AF the orbit of the planet, 
Y N the node, DE the difference between the two obſerved he- 
| | :liocentric/- longitudes = a, EF the ſouthern latitude g, AD 
1H the northern latitude , NE the diſtance of the node from the 
1 :heliocentric place at E, and correſponding to the ſouthern 
latitude = x. In the ſpherical triangles ADN and FEN, 
1 : iv. io. (a—#) _ YT 9 1. CEE N 
q * Scot. N= rang 5 By placing the value of fin. (a * | 
ji | | 3 $0. er e eg re . ON CM 
| an the equation rang. 6 2 = ang. 8” | By "> reſolving 
1 n fin. . iin. 2. tang-f 
| | his equation === 318 ang. b+col.'a . tang. 
il If 2, &, and a are very ſmall arcs, which commonly 1 is 
| | 3 the caſe with the planets, then fin, a = a, tang. GB, tang. 
ol Sb, and col. a=1. Hence the ſpherical formula will be 
1 1 | | erandforrmedi into another 5 =. This formula belongs to 
| | plane geometry, and may beſides be thus demonſtrated. DN:NE 
|S E.G. _- D: EF. Hence DN+NE : NE= 
18 * AD+EF: EF; .and NES 5 LEE" I 
1 - the difference of the longitudes do not 
| [18 exceed .one degree, and the latitudes are not greater than ten 
1 minutes, the ſpherical and the rectilineal formula will agree to m 
If very few ſeconds. Small faults in the longitude will not very 


much alter the true place of the node; but very ſmall errors 12 

an a the latitude are of great conſequence. Let the error in the 
ſouthern heliocentric latitude be FG= | ? 
+5 The error in the northern latitude 
AH= -d. Hence DH: D —GE : En, 


a(8+d 
* + a) By ſubtracting EN 


IÞ and En 
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— Nude of Story, 
22., the etror in the heliocentric longitude or the node, 


En 


Ng 3 If the fault 3 in the ſouthern latitude = d, in the 


northern latitude = 4. d, the ſame formula is Rill true; but 
then EN Es, and the place of the erroneous node will be 
between E and N. In both caſes the errors in the place of 


the node are direAly as the errors in the latitudes. 


Loet us now ſuppoſe, that only the 
__F one latitude is erroneous d. Then 


"07" 8=4 
- Nu BEN = ax (A2 2 
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wht the error in both latitudes is poſitive = d, and gb, or 
Sb, the reſulting error in the place of the, node 


In the caſe when the error in both latitudes is 
negative = d, and 9e, or 8 b, then the error in the node 


ad (bi) 
WD u 


+ ad(b#8) _ 
Fr 


In thoſe two caſes the error is leſs than in 


any of the former, and quite nothing when 5g. If che 


radius of the inſtrument, with which the meridian altitudes are 


obſerved, is given, the quantity of 4 is alſo given. In a 
| mural quadrant of 6 or 8 feet a 5 or 3 ſeconds. Take a= 
34 3”, b= 56", B= 27”, a= 5” and the error in . 


— 


latitude + d, in the northern = 2 4; then Na= I 


2' 12”. Take now the error only in the ſouthern latitude 
oY then Ne = SE «1 18”; in the caſeof -d; Na: 


7304 | 
572040 - „ | — SEK . 
T _ = 1” 28”. From hence it appears, that in comparing 
VorL, LXXVII. G two 


” 4t 5 


| l | 
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— -. In the caſe 


rj Fog and in hk Kür * 
"ts, 10 or #5:ſeconds, the refulting error in 'the-place, of 
33 very eaſily be ealculated; but the ertor in the 
node will be enormous, and ithe. obſervations ofen no uſe ** A 
nite aſtronomer. '. n 25k 


* If. 3 * C1095 i 1 & GCE 2B (Mg OY es 4 | 3 * 
HW Ip beliocentric E. | Heliocentric | 
* e obſervations te ongitude on the} h̊ diſtance longitude of 
| En.” E 4 laſt day. wee «| "Tu | 
wo . wo, . „ * * „ 8. / 1 
2 | July-12 with Sept. 15 9 22 34 320 44 38 | 9 21 49 54. | 
July 12 — Oct. 89 23 16 151 23 41 |9 21 52 36 | 
July 20 N 9 22 3+ 32 0 43 37 11 9:21 50 35 
Wo My 20 — 00, 9 23 16 15 (1 22 33 |9 21 $3 42 | 
Rug. 1 == Sept. 5 9 22 16 280 29 15 f9 21-47 13 
i Ang 3, — Sept. 15 1 6. 22. 34 32 1.0 45. 23 1921 49 9 | 
lug. 1 — 389 23 16 15] 3 25 34 9 21 50 41 | 
. | Aug. 8 — hs 2 % % 0121011 9:jqQa 2148 £ j- 
I Aug.” 8 Aug. 319 22 7 32 0 19 34 9 21 47 58 | f 
1 Aug. 21 I Aug. 27 | 9 22 © 12 0 10 © 9 21 50 12 | 
"1 eos 2 — 1 0 3! 9 22 7 * 18 17 23 U 9 2 21 59 9 
dbu ibn 21 5 e 9 1 5 TY 
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This mean agrees. pretty 0 with the ebene on the 
 a1ſK;1127th,” and 3iſt of Auguſt, which are neareſt the pode, 
and moſt to be depended upon. 
The 21ſt of Auguſt, at 9 b. 12 26” true time at Co- 
petitiapert; the heliocentric longitude of Saturn Z 9s. 21492, 
and — from the node 2 41“. The 27th of aun, at 
8 h. 49 230 » the heliocentric longitude = -9 #-—222-0' 12; 
therefore, in 5 days 23 3 3 h. 36“ 57“ Saturn has deſcribed an arc 
ef/io' 45”, and 10' 45”: 5d. 23 h. 36 57 ,: : v. Hence 

3 Saturn 


\ 


Is —_—— 72 uy 4 3 

Serum has "EA 9 h. 7 44” in going through, thoſe 4i”; and 
Saturn's paſſage through the node happened Auguſt 21, 1 784, at 
18 h. 20 10”, and the beliocentric longitude of his de eſcending node _ 
=98- 21” 500 875, The errors in the Place of the node are 
relative to the tables of Th: Haller + 19 39 to the rables 
of M. Cai + 16' 4 5 and to the tables of M. vr LA 
. B 

In the foregoing computation of Saturn? ä heliocetitric bag 
tude from the tables of Dr. Haz LEY; this longitude has been 
corrected for the perturbation after the principles of M. Lau- 
BERT. Though the geocentric places, calculated in this man- 
ner, will agree ſtill better with the obſervations than without 
thoſe perturbations, nevertheleſs they are only empire, and not 
founded upon the theory and principles of gravitation ; Pfhali 
therefore conclude this Paper, by adding the faults in the helio- 
centric places of Saturn, calculated only and directly from the 


tables of Dr. HALT, which | ay b be of ſome uſe to improve 
thoſe valuable tables, 
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| Ii en i 1 U Relſocentrie 8 
gitude from Dr. | Error in titude from Dr. | Error in | | 
HarLLEy's tables. longitude. HALLE x's tables. | latitude. | 

Sang E. 0062 RE SIRE, ENR 

ig ie od 4 5.01 50 -# E 
2 | 9 20 27 40 „„ 
9 20 42 319 59% 9 217 ; 
921 3 41 +9 36 | © 1 10 | 

9 21 16 19 +9 43 0 © 37. 
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vin. Deſcription if a Set of Halo's and Parkel ia, ** i the 
Tear 177m, in North-America. By Alexander Baxter, E.; 
 eommunicated by Sir * — Bark. P.R. * 


Read December 7 1 Ov. . 


\XTRACT from a journal Pee! in ie upper countries of. 
North-America. At Fort Glouceſter, on the river of 


| Lake Superior, fix miles above the falls of St. Mary's, and 


as. much from the head of the river, where it ilſues from 
5 the Lake. 


January 22, 1771. Laft night wi to-day the froſt has 


been more ſevere than at any time this winter : I was hardly 


able, at mid-day, to keep my face to the wind uncovered, 


though the ſun ſhone very bright, and the ſky clear. 
In the morning the wind was eaſterly, which went about 
with the ſun to the ſouth and weſtward, * to the eaſt 
in the evening; a very ſmall breeze. 


„A little before two o'clock P.M. obferved as follows. 


There was a very large cirele or halo round the ſun (ſee Tab. V.) 


within which the ſky was thick and duſky, the reſt of the 
hemiſphere being clear; and, a little more than one-third way | 
from the horizon to the zenith, was a beautifully enhghtened 


circle, parallel to the horizon, which went quite round, till the 


two ends of it terminated in the circle that ſurrounded the ſun; 


where 


an ue aca SS EE T_T EaS 


from 


has 


rdly 


red, 


bout 
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the 
way 


ened 


| the 


ſun; 


here 


other two mentioned above. The two lower limbs of the 


| zenith very clear and bright. In this horizontal circle, directly 


ſtze, one on each fide ; 


| this phznomenon, and it continued 1 in alli its bs any and luſtre 
ll about half after two. 


* Vanvin's . Dog ha. 7 Na — bel, 


. at the points of interſection, they each formed a lutni- 


nous appearance about the bulk of the ſun, and fo like him 
when ſeen through a thick hazy fky, that they might very cafily 

have been taken for him. (Mock ſuns or parhelia). Directiy 
oppoſite to the ſun was a luminous croſs, 1 in the ſhape of a St. 
Andrew's Croſs, cutting at the point of interſection the hozi- 
zontal circle, where was formed another mock ſun, like the 


croſs appeared but faintly a little way below the circle, the 
two higher reached a good way above the circle towards the 


half-way betwixt the ſun of the croſs and thoſe at the ends of 
the ſame circle, were other two mock ſuns, ſame kind and 
ſo that in this -horizontal circle were 
five mock ſuns, at equal diſtances from one another, and in 
the ſame line the real ſun, all at equal heights from the hori- 
20n. Beſides theſe meteors, there was, very near the zenith, 


but a little more towards the circle of the real ſun, a rainbow 
of very bright and beautiful colours, not an entire ſemicircle, 
with the middle of the convex fide turned towards the ſun, 
which lowered as the ſun deſcended. 


« It was a little before two 0 clock FM. Sh I firſt obſerved 


« The croſs went gradually off belts ther the horizontal . 
circle began to diſappear in parts, while 1 in others it was viſible ; 
then the three mock ſuns fartheſt from the ſun, the two in the 
ſun's circle continuing longeſt ; the rainbow began to decreaſe 


after theſe ; and, laſt of all, the ſun's circle, but it was ob- 


lervable at three o'clock, or after it. 
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N. Objrations of the Tranſit of Me rcur 
"Dreſden, © "By M. Köhler, e, 
* Repoſitory of. the Eleftor A Saxony 
Count de Brühl, F. R. S. * ee 


4786. 


apparent LS ti tree 
b. . 
9 21 54 heginicg of the a 8 ** doubtful. 


9 25 23 complete egreſs, or laſt contact, very certain. 


The teleſcope with. which Mr. Kouren obſerved, was a 
q-feet refractor of DoLLonD's, magnifying 104 times. 1 
He has made a compariſon of his obſervation with that. 1 
* — AUBERT, Eſq. from which he has inferred the 
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Crete Fred 17 2 19t.v. Limbes ondoyans. 
| Le contaft interne 4 la fortie 22 26 55 18 ©  » bien terminẽs. 


que le contact interne a la ſortie, 22 h. 27 5”. 


moitié d-peu-pres en a cte entree : et pour le contact externe 


| objectif quelques Allancss des bords, et le diametre de 9; et 
je Vai trouve tantot de 7, 5, et tantot de 8 64; en ſorte que 


mug 


la parallaxe 8 5, par 28 combinaiſons je trouve: 


x. — of the Trane 7 Mei at St. 8 
=] a Letter from M. Rumoviki, Afronomer in the Imperid 
Academy, to Mr. J. * F. R. S. 


Read Decem der 21, * 
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dernier paſſage du Mercure, 1786, le === 
h. 


N. Tzexvor, qui m'a accompagne dans Tobſerration, n'a vu 


Jomets les contacts exterues: pour le — TJ ai manqu 
de le voir; J appercus le N au © à 16h. 59/ 44”, quand l 


à la ſortie, j'ai douts juiqu'a la demi-minute. 
Durant le paſſage, j'ai rẽuſſi a mẽſurer avec un micrometre 


ze Te eſtime de 802, ou plutôt de 8“ 4. 
Depuis peu j eus le loiſir de calculer mes obſervations fur les 
diſtances : et en ſuppoſant le demi-diametre du G 15' 52”, et 
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Tems du mail ape ge 15 44-37 — merid. OY 
Tecs de In tian 19: 13 33 1 40 


La latituda grace tr ** 4 Wo Ass t * A 3 
La longitude geocentrique 5 13 3 = „„ Sy 


Et la longitude du Nœud 1 15 $3 56 | 


Pour reduire mon pbſerration. au centre, Je trouve qu'il faut 
0ter du premier contact interne 1 41%, et ajouter 1” 16” au con- 
tact interne A la ſortie: en ſorte que ſuivant les elemens ci 
deffur us mentiqnnts,, mon obſervation a entree picks « en excks dg 


ag” „ et Al la fortie, Je 4” « en defaut, 
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AN the 7m yo "of May, FR ; Gesa 4 A 5 
Louth, in the county 3 157 ncoln, ral. borer, | * 


to hore at the well i m the Market-Plack, Boſton ; Is ich had 
been ſunk and bored to the depthiof” 186 feet from the Lurface, | 
in 1747, by Tuomas PaxTRIDGE. 1 
The well was made about 6 feet in diameter at the top, 5 
fur | in diameter at the bottom, and 27 feet deep, and the 
earth prevented from falling in by a circular frame of wood, 
-which goes from the ſurface of the earth to the depth of 21 
feet and 6 inches, and is there ſupported by brick-work, laid on 
a bed of light- coloured blue clay, which continues to the depth 
of 36 feet from the ſurface, where there is a bed of ſand and 
gravel about 18 inches thick, and under it the ſame ſort of blue 
clay as before, which continues to the depth of 48 feet from 
the ſurface. Below this there is a bed of dark-coloured ſtone, 
like ragſtone, about fix inches thick, from under which GEORGE 
NavrL or ſays, that a falt ſpring ifſues. Beneath this layer 
of ſtone, there is a bed of dark-blue clay, which continues to 

the depth of 75 feet from the ſurface, where is a bed of 
| Hons, of alightiſh colour, about 6 inches thick, and under it 
3 14 UYY I} 2 bed 
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hs REN 4. i th Selbe. > "2 
ache of dark+blue clay, which continues to the depth. of 114 
ſeet from the ſurface,' where there is a; bed. df Lone,” of a 
brightiſh, colpur, about 8 inches thick, and, under it à bed of 
gravel, about 6, inches 1 where. Gzongs Naxron fays 
there is another {alt ſpring. ,U nder the gravel, there is a bed of 
dark-coloured clay, reſemblin g blac Lead, which continues to 
the depth of 174 feet from the ſurface, when it changes to a 
chalky glay, intermixed with ſmall pebbles and flints, wh ich 
continues about 3 inches, and then changes to the ſame kind 
of dark · osloured clay as before; in which, after boring to the 
depth of 186 feet from the ſurface, he came to the a0 earth 
bored to, in 1747, by the above-mentioned TroMas PARs, 
IDE. After boring in the ſame kind of clay to the depth 
| of 210 feet from the ſurface, it changes to a lighter-coloured 3 
one, which continues about 6 inches, and then changes dar 
again, and continues ſo to the depth of 342 feet from the 
| ſurface, where there is a bed of ſhells and white- coloured 
earth, about half an inch thick, and under i it a Light-coloured 
earth like that at 210 feet from the ſurface, and under it a 
bed of dark- coloured clay. After continuing in that clay to 
the depth of 444 feet from the ſurface, Groken N AYLOR 
put down a tin pipe, 50 yards in length, and 21 inches in 
diameter within, to prevent the gravel and ſtones from falling 
down and obſtructing the rods; but being too weak for that 
purpoſe, it ſeparated into differeut lengths, and intirely pre- 
vented his boring. ſo that he was obliged to get the ſaid 
pipes up again, which took him 48 days; having got | them up, 
and cleared the hole pretty well, he left off boring until he . 
could procure ſome ſtronger pipes. 
In July, 1784, he put down 21 pipes of caſt | iron, „ which 
were caft at Cheſterfield, in the county of Derby, each pipe 
H 2 bong 
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"_ depth of 457 fert from the. ſurface, and then 
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count” of Hh Spar. 
debga These — , half an inch trek; ant upon 
an Average 6 feet and 3 ifich in lengeh : they were allikeftogether 
4 With boxes and ſcrews, and with x piece of oft ther berween 
the top of each "box and ferew;' to prevent them from 
breaking; the uppermoft pipe is Haſtcide#s © a e ee lies 
upon che top of the brick ·Workrn 1 „ beuge 63-2:86 
At the diſtance of 447 feet from tlie furface d a bed 
bf dafk-coloufed earth "inixed wich ehalk and gravel, which 
continues to the depth: of '449 feet and 10 inches from the 
furfäce, where is a bed of dark-coloured cath without any 
chalk and with very little gravel, Which cohtinnes to the 
depth of 454 feet and 7 inches from the ſurface; there it changes 
to a dark- coloured abit; mixed with chalk and gravel, which 
continues to the depth of 4 36 feet arid 8 inches from the ſur- 
face, and then changes to a datk- coloured earth without any 
| chalk, and With very little gravel,” which continues to the 
ha of 2 
hghter colour ; ; and this continues to the depth of” 462 feet 
and 4 inches from the "ſurface, where it c changes 'of 4 darker 
2 Colour, and ſo continues to the depth of 470 feet and 3 inches 
from the ſurface. ' Here the ground changes to a dark-coloured 
earth, mixed with chalk and gravel, which continues to the 
depth of 470 feet and ) inches from the ſurfice, where he came 
to a bed of ſtone, like ragſtone, about T3 inches thick, which 
ground itito powder with the wimble, and mixed with the earth. 
Under this bed of ſtone there is a dark-coloured earth, without 
any chalk, and with but little gravel, which continues to the 
depth of 472 feet from the furface, when it changes ſomething 
lighter, and continues ſo about 2 inches, where the earth ap- 


wm to be mixed with chalk and gravel, and continues ſo for 
about 
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„„ % black Pkt, baying a gat 
deal of light coloured ſantl in Main! 19ve g bas .123gw to - 
On September the 5th. 4785. GS Naxos: :brak orie 
of the ſctewsy belonging to his rods juſt aboye the top af «the 
box, at the odiſtante of; between! ga and 93. Yards fc athe 5 
Larface's beg the upper md, having a, dircular head or iring 
2 inches; in adiatnetar ati ithe i tap drapped down 249: ads 
non the iron pipes 3 which. ;rods: were, got up again on she 
I th day of September bx 4 ſprings. Ater trying ſeſerab in- 
ſtruments d get up the lover part af the rods; to no eſſedt, on 
| the gd day of October following was coritiived. a; ſpiral inſtru- 
ment, about 2 feet long, with a cateh at the top oft, tn ku 
the bottom of the: uppermoſt box. of the rds that were down; 
but the top of the rods having fallen. ſeyeral inches from the per- 
pendicular, prevented the inſtrument from raking them between 
the firſt and ſecond boxes: therefore;othe Surveyor: to the Cor- 
poration and the Fit - mentioned GzoxanNatron, en che th 
day of- October, contrived : a ſpiral inſtrument, about 4 feet 
long, without any catch at the top, which: Grongn Naviion 
| put down abdut 10 yards below the upper box, and there taking 
hold of the rods, raked them upito the tap, and by that means: 
brought thein perpendicular, when he left them, and om abr 
8th day of October put down che infirument invented befor 

by which he got hold of the rods a little below the, top:bax, 
and brought: them up. When the rads broke, Gnohen 
NavyLor was boring in a dark- coloured ſilt, intermixed 
with chalk. and: grayel, at the diſtance of 474 feet from the 
furface, which continued to the depth of 475 feet and 5 
inches, when it changed to dark- coloured wet ſilt witfvut 
any chalk, in which Gro NAYLoR bored to the depth 
of 474 feet and 81 inches from the ſurface. Here he imagined, 
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_ »by gle safychrning the withble, that he had get into a ſpring 
of water, and gave over boring, to ſee if the water would rife 
] Li thb pipes; when; after Keeping the water in the well below 
the tog f the pipes for ſeveral days (hy pumping) / the water in 
| che pipes was found es riſe about 5 ſect per day upon an average; 
which only pröducing about 7 pints, it — there was 
a ſpring of water hared into but that we * of water in n the 

| Pipes was ocpaſſoned by tlie ſoccage only. 
On Monday the'28th day of iNoveinber, an iron depen was 
made and affixed to the bottom of the rods, and let down the 
Pipes; and filled with water at the depth of 8 5 yards from the 
ſurface Which water was ſalt, and of a reddiſh colour. The 
borket was again let down, and filled at the depth of 1 56 yards 
from the ſutface : that water * more > ſalt a the 
and much of the ſame colour. 
The Committee appointed bs tn 3 0 PRE. 
intending the huſineſs of ſinking for water, having taken the 
whole of theſe circumſtances: into their conſideration, and exa- 
 mitied Gon Nrzon, who did not account, in a manner 
ſatiafactory to them, forthe ſlow progreis he had lately made-in 
boring; were of opinion, chat it would be proper for: the pre- 
ſent to diſcontinue all operations in the well; they therefore 
directed the ſtage to be taken up, the mouth of the iron pipes to 
becarefully plugged up, the well to be covered with oak plank, 
and tlie ground over it to be * as n all n was 
accorduigly We. be 59 110109 -4ʃ6 gc) ' 
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Bogen, inp. om EE Jabs LIMBIRD, 
November * 1786. — 25 Surveyor to the Corporation. 
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mer ee een 
7 19 Niobe, * 50 bag ＋ 177 Xt 101 2 ar} Ag MIA de 
Durtgegqn 1001 10 Ati >10 240672 61L 6 Hat n een 
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III. Obſervations of ai Reue; J 2 in oo f and 
N. | 
| September, 1786. N v. Francis Wollaſton, | LB. : 
rie 85 lc noi ioemo} ebe. 955 
* : 4-6 ER oe, 
8971 10 LH QfO0948 1 479 V7 
ns. 4.18. .1q52 bas et bis 41 397A 28 flat 1 87 
a3 01 ha adn ee 5 
HE comet of Aube add, Wen afforded me an x oppor- 


T tunity of putting to ſome teſt the ſyſtem of wires, a 
deſeriptioti of which I laid before this Society *, I think it may 
not be improper, as a ſequel to that Paper, to give an account 
of the obſervations I have made with it on this occaſion. 
Though, I believe, 1 have nearly aſcertained with it the poſi- 
ton of about 200 ſmall ſtars in the Corona Borealis; yet ſuch 
obſervations could not be examined by other gentlemen, With- 
out their going over the fame ground. But this comet, which 
muſt have been obferved by many, will ferve to ſhew them, 
whether 1 have come near to the truth in this way; and what 
lependerice may be had "oo obſervations made with fuch an 
| ſtrument. l FN * | 

The teleſcope to which I d it was an achironhatie objeRt- 
laſs of DoLLonD, of 16 inches focal length, and 2 inches 
perture, with a RAMSDEN' 8 eye · glaſs, magnifying” about 25 
mes, mounted on a very firm equatorial ſtand : with this, 
khich takes in two degrees of a great circle, I compared the 
mes of the comet and fuch ſtars as hy convenient, : as s they 
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e paſſed the centre wire and other TED wires; 


3 occaſionally A diagram, or drawing of their appearance 
4 x tel ſcope, : in the! mganer repreſented in a Paper commu. 


to this Sbciety in 


55 5 in the 8 1984 *. "This 15 fGund -f 
| +1 78 nity gs i alcerta ning che ſtars of Coch 


- great aid and 3 


| - 2 catching ſomething of an obſervation on thoſe ere 
which were not clear enough, or ſteady enough, for me to take 
0 the tranſits (as Auguſt 14. and 19. and Sept. 2 21.) In this wa 
alone, one may be c certain of the felati ative pofitions to five minute; 


of. a degree in right-aſcenſion or declination, under the moſt 
Rances, eee much nearer; 3. and 
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firſt diſcovered Auguſt 1, 10 at Slough 
near Windſor by Miſs: CAROLINE. _HenScurL, Siſter to Dr, 
WULIAM HERSCHEL, and affiſtant to; him, and almoſt a3 
_  zealousan; aſtronomer as himſelf; who, 71 in bis abſence, ſwept 
DRL tho) heavens with her teleſcope for t that purpoſe, L She obſerve 
_ - It{again, Auguſt 2. and then communicated the news of it u 
het friends. Her account (as I recollect It, for I had not the 
original), was, that Auguſt 1. it was about equi diſtant from 
and Urſæ Majoris, and Ne 14, 15, and 16. Comæ Be 
 repices, about 1 ſouth of the parallel of N 15. Com 
The news reached me on the 4th, which was cloudy ; 35 bu 
on the 5th I ſaw. the comet; and, having adjuſted the v 
compared i its paſſage with the adjoiwing ſtars ; of which the 1 
lowing are the reſults. The times noted down are all ſiderel 
pecauſe they were fo obſerved, and the reduction of them 
moſt ſimple. The ſtars of compariſon are moſtly thoſe of 0a 2 
Britiſh, Catalogue: and to that the numbers refer; excepting 
few, which I take to be ſtars to be found in the Catal 
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of 3555 Hxuscnzr 's Comet. 


— a Bull, par Bode, 1 782 3 who, at the end of each 
conſtellation in FLamsteeD's Catalogue, adds ſuch ſtars, 
omitted by him, as have been obſerved by other aſtronomers, 
and carries on the numbers of each obſerver in ſucceſſion. To 
them the name of the obſerver is here inſerted. "Thoſe without 
any name or number are ſmaller ſtars, not in that or probably 
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The comet growing faint, I did not follow it any farther. 

During the whole time, it was inviſible to the naked eye, and 

without any tail. Its appearance was ſo very ſimilar to the 

nebula (Ne 3. in Msss1ER's Catalogue inſerted in the Connaiſſance 
des Temps for 1784, and ſome other years) as ſcarcely to be 
diſtinguiſhed from it when in the teleſcope together; 5 though 1 it 
certainly had a brighter ſpot in the centre. 
The latter obſervations were not quite ſo ſatisfactory as the 
preceding; the comet growing faint. Thoſe of the nebula, 
Auguſt 20. were alſo ſomewhat doubtful; the nebula not 
having the lucid point in the centre which the comet had ; and 
therefore not being ſo eaſy to oblerre, — in paſſing the 
oblique wires. 


LS Upon 


3 


mend ſuch an inſtrument, as very convenient ſor fweeping the 


Y . i Mr. Werz ae . een, =” W 
Upon the whole, 1 think, I may with confidence recom 


E29 0 


heavens, and pretty well aſcertaining the poſition of be el] one 
"diſcovers. T have here tranſeribed many obſervations which 

might better have been ſuppreſſed for the eredit of the reſt ; 

but from them alone it is, that a judgement can be formed of 

the errors to which I was liable (which yet may poſſibly have 
been errors of calculation), and how far ſuch an inſtrument is 
deſerving of any farther recommendation. A larger teleſcope 
and greater magnifying power, to which I can apply theſe 
wires, certainly would have been capable of greater accuracy : 
but the field being ſmaller, the ſtars of compariſon would have 
been the fewer, and the ſeries of obſervations leſs connected. 
1 have at other times uſed it with a Dol. LOND's eye- glaſs, with | 
which it takes 1 in a field of nearly three degrees; but the mag - 
nifying power is then ſo much the leſs, that, for this kind of 
obſervations, I prefer that of Ramspen, with which I can 
obſerve ſtars down to what I call the tenth or eleventh magni- 
tude, and, I think, with ſome degree of preciſion, 


n Nov. 18, 2786, | 
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Jun. As Account 972 a Thunder TY in Scotland; with As | 
Metearological Ogjervatia =” =» « Letter from Patrick 
* Eſq. F ** S. to Sir Joſeph Banks, Bart. P. R. * 


Read January 18, 259. 


DEAR: SIR, Lennel-Houſe near Coldfream, Dec. 20, 1786. 


NOW fit Joon to give you 2 account of the thunder- 
| ſtorm, which I remember to have mentioned to you in 
converſation, and of which you wiſhed to be more particu- 
hrly informed. I do not know whether you will think it 
worthy of the attention of the Society ; , but you will be 
pleaſed to make whatever uſe of it you think proper. It is 
copied, with ſome additions, from the journal which I uſually | 
keep in the coun try, and * was wrote b * 
after the event. 
| Tueſday, the 19th of July, * 5, was a * ſoft morning 
(thermomete r, at ten, 680; about eleven, clouds began to form 
in the ſouth-eaſt; and between twelve and one there were 
ſeveral flaſhes of lightning, followed by rolling claps of thun- 
der, at a conſiderable diſtance. I was fitting in my ſtudy at an 

open window, in the ſecond ſtory, obſerving the progreſs of 
the ſtorm; when ſome ladies, who were in the drawing-room be- 
low, alarmed by the lightning, came up to me. I was making 
them obſerve, by a ſtop-watch, the time which the found took 
to reach us (whuch was generally from 25 to 30 ſeconds), and 
4 aſſuring 


- a. ame a _ * — 
FFP 
= _———  — — — — 3 


. * nan — 5 — — 
2 Tag a 4 k 4 , * 2 . 1 * £ F * bs F 1 
— e WY r FT r 
6 * * N, * P | ke 
ww 3, k af 5 *. * 4 7 9 
5 7 
4 n N 0 WY * a of * 2 N 4 
„ 45, \ n * i" '* * 
Fu % % | 2 
0 g a . * Ps. 
! —_ 
Ly "2 * F | 
[ « 7 . 
a * 
d . . ' 
Z o * F A 
- vÞ LIED "of 
** " 
T * 7 
- ö 
- 


Could be no ſort of danger; when we were ſuddenly alarmed 


| ceding flaſh: it reſembled the firing of ſeveral muſkets, ſo 
_ Cloſe together, that the ear could hardly feparate the ſounds; 


and two horſes had been ſtruck dead by the thunder, at a ſmall 


| horſes were ſtill yoked to the cart, and lying in the ſame poſi. 
young, man had been already carried off by his companion, 


| who ſoon returned to the place; and, with leſs agitation than 


the Earl of Home, and were returning home with two carts 
loaded with coals. JaMEs LAUDER, a ſtrong young man, of 


Tweed a few minutes before, at a deep ford, and had almoſt 
gained the higheſt part of an aſcent, about 65 or 70 feet above 


might be accompanied by a fall of rain, as the only means of 
ſaving the crop, after ſo long and ſo ſevere drought. At that 


1. Barber 2 
3 a ho ftorm was at fo great a iſtznce, 4 Fe. 


by a loud report, for which we were not prepared by any pre- 


and was followed by no rambling noiſe like the other claps. 

The clouds immediately began to diſſipate, and there were 
no more appearance of either thunder or lightning. I had 
ordered my horſes to be got ready, and was juſt going to 
mount, when a ſervant came running in to tell me, that a man 


diſtance from the houſe. 1 immediately ſet out, and arrived 
on the ſpot in leſs than balf an hour after the accident. The 


tion in which they had been ſtruck down; but the body of the 


1 expected, deſcribed to me how every thing had paſſed. 
They were both ſervants to Mr. TURNBVLL, a tenant of 


twenty-four years of age, had the charge of the firſt cart, and 
was fitting on the fore-part of it. They had croſſed the 


the bed of the river. They were converſing about the thunder, 
which they heard at a diſtance, and expreſſing a wiſh that it 


inftant he was ſtunned by a loud report, and ſaw his compa- 
nion, his horſes and cart, fall to the ground. He immediately 
I | ran 
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un to 1 alliance, bat found him quite dead. His fice, he 
id, was of a livid colour, his cloaths were torn to pieces, and 
he had a ſtrong ſmell. of burning. He immediately emptied 
his own cart, and carried home LauDER's body to his friends; 
ſo that I had not an opportunity of examining it : but Mr. 
BLE, Miniſter of Coldſtream, a gentleman of the moſt per- 
fect candour and veracity, told me, that he had been ſent for, 
to announce the fatal event to the young man's parents, and 
had examined the body; that he found the ſkin of the right 
thigh much burnt and ſhrivelled, and many marks of the 
ſame kind over the whole body; but none on the legs, 
which he imputed to their hanging over the fore- part of the 
cart at the time of the explotion, and not being in contact 
with any part of it. His cloaths, and particularly his ſhirt, 
was very much torn, and emitted a ſtrong ſmell of burning. 
The body was buried two days after, without. having Gulco- 
vered any ſymptoms of putrefaction. 

Lauper's companion ſhewed me the diſtance bet the 
two carts, which was exactly marked; for his horſes had 

turned round at the time of the exploſion, and broke their 

harneſs : I found it about twenty-four yards, and LAupkR's 

cart was a few feet higher on the bank, but had not yet 
reached the ſummit. He told me, he was likewiſe ſitting on 
the fore-part of his cart, and had LAUDER, his cart and horſes, 
full in view, when they fell to the ground; that he perceived 
no flaſh, nor appearance of fire, and was ſenſible of no ſhock, 
nor uncommon ſenſation. 

I now examined the cart, and the ſpot around i it, as exactly 
as I could. The horſes were black, and of a ſtrong make; 
they had fallen on the left ſide, and their legs had made a 


deep impreſſion in the duſt, which, on our lifting them up, 
owe. 
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of life ſeems to have been extinguiſhed in an inſtant. The 


 wete already become dull and opake, and looked like the eyet 


ſupple; and I could not perceive that any of the bones wen 


cart was broken; and I obſerved, that ſplinters had been 
. thrown off in many places, particularly where the timber offf 
the cart was connected by nails, or cramps of iron. Many 


preſerved, have the appearance of coal which had lain ſome 
time on a fire. I likewiſe gathered up the fragments of Lav: 
' Der's hat, which had been torn to innumerable ſmall pieces; 


part of his hair, which I found ſtrongly united to ſome of the 


that the force which had formed them muſt likewiſe have 
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ee unn form of each leg; — tug 
dr convulfive motion had ſueceeded the fall, but every principle 


hair was much ſinged over the greateſt part of their bodies; 
but was moſt perceptible on the belly and legs. Their eye 


of an animal which had been long dead. The joints were all 


either ſoftened or diffolved, as it has been alledged ſometime 
happens to animals killed by lightning. The left ſhaft of the 


pieces of the coal were likewiſe thrown out to a conſiderable 
diſtance, all round the cart; and ſome of them, which I have 


forne of which I ſhall incloſe for your inſpection, as well afj 


fragments which had compoſed the crown of the hat *. About 


four feet and a half behind each wheel of the: cart, I ob- ; 
ſetved an odd appearance in the ground; a circular hole of ſm 
about twenty inches in diameter, the center of which wa bi) 
exactly in the tract of each wheel. The earth was torn up 

as if by violent blows of a pick- axe, and the ſmall ſtones and pe: 
duſt were ſcattered on each fide of the road. The tracks of | wh 
the wheels were ſtrongly marked in the duſt, both behind and be: 
before theſe holes, but were completely obliterated for upwards th: 


of a foot and a half on theſe ſpots. This led me to ſuſpect, if 


* Theſe were exhibited to the Society. C. B. 
mY ated ; 


ht Ray" upon the wheels; 2 on examination, 1 aa 
evident marks of fufion on each of them, which I now ſhewed 
to many people who had aſſembled around us. The ſurface of 
the iron, to the length of about three inches, and the whole 
breadth of the wheel, had become of a bluiſh colour, had 
entirely loſt its poliſh and ſmoothneſs, and had the appearance 
of drops incompletely. formed on its ſurface; theſe were of a 
-roundiſh form, and had a ſenſible projection. I ſuſpected that 
the great heat, which had been communicated to the iron, might 
probably have burnt the wood of the wheels; but this I did 
not find to be the caſe. To aſcertain whether theſe marks 
were occaſioned by the exploſion which had torn up the ground, 
we puſhed back the cart on the ſame tracks which it had de- 
ſcribed on the road; and found, that the marks of fuſion an- 
ſwered exactly to the center of each of the holes; and that, at 
the inſtant of the exploſion, the iron of the wheels had been 
-ſunk deep in the duſt. They had made almoſt half a revolu- 
ton after the exploſion, which might be occaſioned by the 
Alling down of the horſes, which pulled the cart a little for- 
ward. On examining the oppoſite part of the wheels, or that 
part which was at the greateſt diſtance from the earth, no mark 
of any kind was obſervable. The broken earth ſtill emitted a 
ſmell ſomething like that of ether. The ground was remarks- 
bly dry, and of a gravelly foil. 

| It would appear, that this great exploſion had, in an inſtant, 
pervaded every ſubſtance connected with the cart, the wheels of 
which had probably conducted it from the ground. They bad 
been completely wetted but a few minutes before, as well as 
the legs and bellies of the horſes, and this might, perhaps, be 
the reaſon why the hair on theſe parts was much more burnt 
than on the reſt of their bodies. However, the two horſes 
Vor. LXXVII. K had 
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bad drcaly walked over this electrical mine, Aber . 
produced any effect; and had not the cart followed them miphy 
have eſcaped without hurt. I examined all their ſhoes, but 
could not perceive the leaſt mark on any of them, nor was the 
earth broken where they had trodden. But the cart was deeply 
laden, and the wheels bad n much farther into the 
ground. | 

The equilibrium between the nh and the atmoſphere ſeem 
at this inſtant to have been completely reſtored ; for no farther 
appearance of thunder or lightning was obſerved within out] 
hemiſphere; the clouds diſpelled, and the air reſumed the 
moſt perfect tranquillity : but how this vaſt quantity of electre 
matter could be diſcharged from the one element into the other 
without exhibiting any appearance of fire, I ſhall not pretend 
to examine. The fact, however, appears certain; and when 
I was mentioning it as a ſingular one, a gentleman told me, 


that the ſhepherd of St. Cuthbert's farm, on the oppoſite bank 


of the Tweed, had been an eye-witneſs of the event, and gave 
a different account of it. I immediately went to the farm, be 
found the ſhepherd, and made him conduct me to the {pot kr 
from whence he had obſerved it, and defired him to give me an fl Pe 
account of what had happened. He was looking, he faid, at - 
U 


the two carts going up the bank, when he was ſtunned by 
a loud report, and at the ſame inſtant ſaw the firſt of the 
carts fall to the ground, and obſerved that the man and horſes 
lay ſtill, as if dead. I aſked him, if he had obſerved any 
lightning ? He ſaid, he ſaw no lightning, nor appearance of 
fire whatever ; but obferved the duſt to riſe at the place ; that 
there had been ſeveral flaſhes of lightning ſome time before | 
from the ſouth-eaſt, whereas the accident happened to the 
north-weſt of where he ſtood. The diſtance, in a right line 
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. the river, Wy org bis. — two and three wr. 7 
yards. He was ſenſible of no ſhock, nor uncommon ſenſation 


of any kind. I went next morning to examine if there were 
any marks of putrefaction on the horſes, and to obſerve the 
Rate of the blood-veſſels, &c. after the ſkin had been taken 
off; but a gentleman of the neighbourhood, who kept a pack 
of hounds, had already ſeized on them. 

Several other phznomena happened on that any, probably 


leave to mention. 


The ſhepherd, belonging to | the fart of Langel- Hill, was 


in a neighbouring field, tending his flock, when he obſerved a 


lamb drop down; and ſaid, he felt at the ſame time as if 
fire had paſſed over his face (this was his own expreſſion), 


although the lightning and claps of thunder were then at a 


all proceeding from the fame cauſe; ſome of which I ſhall 1 


great diſtance from him. He ran up immediately, but found 


the lamb quite dead; nor did he perceive the leaſt convulſive 
motion, nor ſymptom of life remaining, although the moment 


before it appeared to be in perfect health. He bled it with his 
knife, and the blood flowed freely. This, he told me, hap- 
pened about a quarter of an hour before the exploſion which 


diſtant from the ſpot. He was only a few yards from the lamb 


killed LAunER; and it was not above three hundred yards 


when it fell down. The earth was not torn up, nor did he 


obſerve any duſt riſe. 


TroMas FosTER, a celebrated fiſher in Coldſtream, a 


another man, were ſtanding in the middle of the Tweed, 


fiſhing for ſalmon with the rod, when they ſuddenly heard a 


loud noiſe; and, turning round to ſee from whence 1 it came, 


they found themſelves caught in a violent whirlwind, which 
Fos TER told me felt ſultry and hot, and almoſt prevented 


K 2 them 
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* bein PROS bieathing. It was not without ch difficulty this 
could reach the bank, where they fat down, exhauſted with 
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— 
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ſhort time, and was ſucceeded by a perfect calm. * hog 
| pened about an hour before the exploſion. 


| ſuddenly to the ground, and called out to her companions, that 
gine from whence it came. This I had not from the woman her- 
_ ſelf, but from Mr. TuRNBULL, a very reſpectable farmer. Mr. 
walking in his garden, a little before Lavpes' s accident, he 


told me (what 1 find I had forgot to mention in the proper. 
place), that he had obſerved on Lavper's. body a zig-zag line, 
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his ehin down to his right thigh, and had followed nearly the 


that the earth had acquired a great ſuper-abundance of electri 
cal matter, which was every where endeavouring to fly off 
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fatigue, and greatly alarmed: however it laſted but a very | 


A woman, making hay near the banks of the river, fell 


ſhe had received a viotent blow on the foot, and could not ima- 


BELL, our miniſter, nephew of TroMsoN the Poet, and poſſeſſed 
of all the candour and 1 ingenuity « of his uncle, told me, that, 


ſeveral times felt a ſenſible tremor in the ground. He likewiſe 


of about an inch and a quarter broad, which: extended: from 


tine of the buttons of his . The Kin was burnt 
white and hard. 

Theſe, fir, are all the — — J have been able to 
collect that are well authenticated; and I ſhall: not trouble you 
with reports that are not. From the whole it would appear, 


into the atmoſphere. Perhaps it might be accounted for from 
the exceſſrve dryneſs of the ground; and, for many months, 
the almoſt total want of rain, which is probably the agent that 
Nature employs in preſerving, or in reſtoring, the equilibrium 
between the other two elements. But I ſhall not pretend to 
inveſtigate the cauſes: all I wanted, was to give you ſome i 
account 
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necount of the effects; and your own reflections will lead you. 
much farther than, any thing I could ſuggeſt. 


It have the honour to be, with the greateſt ſpe, &c. 
FP. BR YDONE. 


p. S. I cannot ſend away this. letter without ai in a Poſt-- 
ſcript, that on Friday the 11th of Auguſt laſt, early in the: , 
morning, we had a pretty ſmart ſhock of an earthquake. . 
was awaked by it, and felt the motion moſt diſtinctly for four 
or five ſeconds at leaſt. It appeared as if the bed had been pulled 
gently from ſide to ſide ſeveral times. The motion was nearly 
north north-weſt and ſouth-eaſt, as far as I could judge from: 
the motion of the bed. The windows were violently ſhaken, 
and made a great. noiſe, which, I believe, was miſtaken by 
many people for a naife accompanying the earthquake. I im- 
mediately roſe to look at my watch, and found it twenty 
minutes after two. It was a dead calm, the morning cloſe and: 
warm, with ſmall drizzling rain, and,. although the moon 
was but two days paſt the full, ſo dark that I could not per- 
ceive the hour without ſtriking a light. It was felt in almoſt 
every houſe in. this neighbourhood, and all the way from this: 
country. to the weſt coaſt of the iſland, where it. ſeems. to- 
have been more violent than here; but to the caſt of this Place 
it was very little felt. 

Perhaps it may not be improper to mention the ſtate of the 
weather for ſome time before and after this event, as it may 
poſſibly have had fome influence upon it. The drought was 
very great till the 22d of July, when it rained a little; and: 

chis was repeated, though in fi mall quantities, and generally. 
accompanied by high winds, till Thurſday the 75D, when it 
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dew the moſt violent tempeſt J ever remember in this country, 
The young crop of turneps, in many fields, were blown out 
of the ground, and almoſt entirely deſtroyed. The peaſe be. 
came brown as if withered, and ſo did the leaves of the foreſt 
trees on that ſide which was oppoſed to the blaſt. Vaſt clouds of 
duſt were raiſed from the dry fields and roads, which looked 
like ſmoke, and had the appearance at a diſtance as if many 
villages had been on fire all over the country. The water 
too was raiſed from the ſurface of the river, and carried quite 
away by the violence of the hurricane, forming ſmall cloud; 
in the air, which we traced to a great diſtance. The great 
violence of this tempeſt laſted but a few hours, and at night it 
fell calm. The barometer was little affected, and ſtood at 29 
inches and a half. The wind was nearly weſt, veering ſome- 
times a little to the north. From this time we had a tract of 
very ſine weather, the wind conſtantly in the weſt points, til 
the time of the earthquake (which happened on what is called 
the laſt of the dog days), when it changed to the ſouth-eaſt, 
and brought us five of the worſt days I ever remember to have 
ſeen at that ſeaſon ; it rained almoſt inceſſantly, with a cold 
eaſterly wind, and the ſun did not once appear till the morning 
of Wedneſday the 16th, after which we had again a tract of i 
fine weather. I examined the barometer at the time of the 
earthquake, but did not find that it had been ſenſibly affected 
It roſe a little on that morning; but this I imputed to the 
wind having changed into the eaſt. 
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V. On finding the Values of Algebraical Quantities by con- 
verging Seriefes, and demonſtrating and extending Propoſitions 
given by Pappus and others. By Edward Waring, F.R.S. 
Prof eſſar of 1 Mathematics at Cambridge. 


Read February 8, 1787. 


UPPOSE the roots of the equation x*=1 =o to be given, 
where h denotes any whole number or fraction; to find the 
roots or values of any given * quantity, * con- 

verging infinite ſerieſes. 


1. Let the al —— quantity be 8 (=4), then ther. roots 
of the . quantity will be ** x (XVI - 3 * x 


8 1), A* * 6 e 1), &c. where 42 


GEN 1 I, y+ „ei, &c. are the roots of the equities 
x=1=0; it will be +1 if it was <A, and — 1 if TA. 


2. Let the given algebraical quantity be (NV ( =A) = "Þ 
V (=B)==0/ = C = &c.), and Ar, & TX of = = Is 


a +x'/ i, &c. and Ai be reſpectively one of the 
roots of the equations x1 = 8 ** II =, IS, &c. and 


1 - ſubſtitute =P= * =B C a” * &c. and 


=Q= EAA ACT; c&c. In the firſt place tet E 
greater Q, and = P be +P, then will (PQ (* 


and it becomes PQ (—1) a quantity of the ſame for- 


5 wiſe; the root may be deduced from the * ſeries 


*. . * ay" * 
Y * The , - 8 * 
= K a * 
_ ts 
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* —1, in which caſe the two ſerieſes = L and AM converge 
and ＋ Ne 1) x (SL=MV/=r) 2 or root 
of the given quantity. : 


In the ſame manner the remaining roots may be deduced. 
2. Let =P be -P, multiply =P=Q (1) into <1, 


mula as the preceding; let I” + A'V/ (—1) be a root of the 
equation x” + 1 o, then will (I'+A'V/ — 1) (=L=MV =I 1) 
H/K -i) be a root of the given quantity: other: 


: by fubfitutinginit for - (Py its value Pr * (= * , and i it wil 
become the ſame as the preceding. 
3. Let P be leſs than Q, and the value of (zP=0 


2 =) n may be deduced from the preceding ſeries by ſubſti- 
tuting in it =QV/=1 for P. and =P for Q: otherwiſe, fince| 


(=P=0,/ (- n 


the root of (O / (— 1» can * deduced by the pre- 
ceding method, which ſuppoſe L' M/ (= 1); multiply this 
root into He (-i), where H+©,/ (—1) denotes 1 


value of the root = X/ (=), and the quantity reſulting wil 


on =O ee, — 73 
pe one vides of the given quantity; the remaining values can 
he deduced by the ſame method. 
In this caſe the given quantity is reſolved into a ſeries 
aſcending according to the dinienfions of P, and deſcending 
according to the dimenſions of Q; in the former caſe it was 
reſolved into a ſeries aſcending according to the dimenſions of 
Q, and deſcending according to the dimenſions of P; both the 
ſerieſes affording the poſſible or impoſſible _ will always 
converge. 


4. * P==Q, then n bebe, (1) = x 


2 . 


Y (-1); for / (=1)= i. 
4. 2. When P=o, or 'Q =o, then It becomes the firſt wake 
V (=). 

5. Let P=Q =a, where « has a very ſmall ratio to 0. 


then will ot (= * „. (= Wa = o * 
emma (of ot ain (om vr x 


T—2r 122 
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/ (= I); 4 + &c. In this ſeries the ſame root of the quantity 
V (—1) is always to be uſed. 


6. If in the given quantity are contained more quantities of 
the above-mentioned kind or their roots ; ; then, by repeating 
the ſame operation, can be deduced the roots or values of the 
given quantity. 
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values of exponential irrational quantities. 
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In ſome caſes the impoſſible part may- vaniſh, which may 


be the caſe in a quantity of the following formula, vir. 
Vatay -b 5 Va+BY - T4 S/a+y/-b þ + Ke. where « 


f. y, &c. denote the 2m roots of Zi. 
ples of diſcovering the caſes in which this happens. have been 


given in the Meditationes Algebraice. 


The roots of the equation a*==1 O will be found from 
common algebra and theſe principles, if þ is not greater than 
10; or, more generally, if B , . 105, where |, 
J, I.. F denote any whele numbers: or, in general, the 
roots of the above-mentioned equation, or even of the” equa- 


tion 1 x LMV 1 — I, can be found from tables of fines, 
The fame principles may be applied to the diſcoxery of the 
In the Miſcel. Analy. was given, from a CubRitution 
invented by me and not fi milar to any before given, a reſolu- 
tion of equations, which contains the refolutions of all equa- 


tions before given, and from which the reſolutions of ſome 


equations, not before delivered, have been added. 
Part II. 1. Let an equation A =o involving (r) unknown inde- 
pendent quantities be predicated of another equation containing 
the ſame quantities, and the demonſtration of it be required. 
11k. Reduce both the equations to equations involving inde- 
pendent quantities only ; then reduce the two equations to 
one, ſo that one of the above-mentioned quantities may be ex- 
terminated, and if there reſults a ſelf-evident equation, vi. 
or A- Ago, in which the correſpondent terms 


deftroy each other reſpectively; then the firſt equation is juſtly 


| predicated of the ſecond ; that is, if the above- mentioned 


equations 


8 2 


The general prin. 


en on. Converging Seriefes. 2 "Ou 7 5 
equations 2 00 4 ſame value of the quantity exterminated, 


the propoſition 1s true, otherwiſe not. 

Cor. - From theſe principles can be demonſtrated many pro- 

poſitions given by Parrus and others. 

Ex. Let AD=2AC= 2x, DE = a, and EB b, where AD, 

DE, and EB, are independent quantities; if AB x BE = 

| 2 T4715 x b = CB x BD = (x+4+d) 

8 9 E B ( ＋ 9), then will CBS TAT: BD= 
TE "ad AC «x CE=xx*(x+a): AD x DE 

zr N a. From hence can be deduced the twyo equations . 


Goh x=#+0b and 20x (x+a+8)=(a+8) x (x+4); re- 


duce theſe two equations to one, ſo as to exterminate x, and 


there reſults the ſelf-evident equation (a 5 1 2 = ab). 


+ 4* +ab= o, and conſequently the propoſition 1s true. 


2. If (s) equations involving (7+r) unknown and inde- 


pendent quantities be predicated of () equations involving the 
| above-mentioned quantities : reduce the (7) equations and one of 


the above-mentioned (s) equations to one, ſo that () unknown 
quantities may be exterminated, and if there reſults a ſelf- 


evident equation, then the above-mentioned equation is juſtly 


predicated of the ON equations; - and in the ſame manner we 


may reaſon concerning the remaining (= 1) equations. 
3. 1. If one equation is juſtly predicated of another, and 


in both the unknown quantity exterminated has only one 


dimenſion ; - then the latter equation can be predicated of the 
former ; for in this caſe both equations have only one and the 
ſame value of the unknown quantity exterminated. 3 

3. 2. If the quantity exterminated has more dimenſions 


than one in the equations, then the propoſition may not gene- 
L 2 rally 
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rally be true; br w. — m . ſorne r roots the ſage, 
but not all, 
- Theſe Arete may be applied to more 6quaticns. 
4. From (i) given equations a=0, b=0, co, &c. ca» 
ly be deduced others dependent on them, by finding any 
direct algebraical functions of the above- mentioned equations, 
that is, © (, 5, c, &c.), which will always = o; and in like 
manner, from the relation between any lines being given, can 
be deduced innumerable relations between the above-mentioned 
lines, and other lines dependent on them. 
Parti II. r. Ratios, which are ſuppoſed greaterorleſ: 8 than others, 
can eaſily be transformed into equations, which contain affirma- 
tive and negative quantities : : for _— let the ratio 4: 6 be 


; 


greater than the ratio c: WA then will = = - , 4; if it be leſs, 
then v will 32 7 1 where & denotes an * quantity; 


and, vice _ if - = = =5 —Þ, then will the ratio of 4: 6 be 


greater thei the ratio dof 6 4, &c. 
2. If one quantity (a) is affirmed to be greater than another 
b, for @ in the given equations ſubſtitute its value 5+ +; if 
leſs, for a write b — k, where k denotes an affirmative quan- 
tity. . 
ci Reduce the equations, ſo as to take away their deriomina- 
; tors, and the demonſtration of the propoſition will often very 


eaſily follow. 


4. Let 2 dl and 22 0 and if P and Q be affirmative, 


let P' and Q be affirmative; and, vice verſd, if negative, ne- 
gative; then, if & be affirmative, will # alſo be affirmative; 
the fame alſo may be affirmed, if P and Q have both con- 


trary 


- 20M — — 7 
tracy ſigns to Pp and Q; but if one has the ſame, and the 

| other contrary, then will & and # have contrary figns. 
5. Let ſome affirmative quantities be leſs than others, then 
any direct affirmative function of the former, vix. function, 


contained, will be leſs than the ſame function of the latter. 
The contrary happens when the indexes are all negative, and 
the quantities affirmative as before: for example, let two quan- 
tities be leſs than two others, then the product of the two for- 
mer will be leſs than the product of the two latter. | 
Cor. Hence ſome quantities may often be known to be 

oreater or leſs than others from their direct functions being 
oreater or leſs than the ſame functions of the others: for 
example, let & = & be an affirmative quantity, then will 4 be 
greater than 6. 
6. If one equation or ratio is affirmed on the ſuppoſi- 
tion that another given one is true, reduce both the equations 

by the methods given above, and from the principles before 

delivered, the propoſition will often be evident. 8 
Hence may be deduced demonſtrations to propoſitions of 
this ſort given by Paeevs and others. 5 
Ex. Let the ratio @+6 : b be greater than ad d, then 
the ratio 6: a—b will be leſs than d : c— d. 
For, ſince the ratio @+6 : 5 is greater than c+d: d, the 


ratio 6: a+6 will be leſs than d: c+4, and conſequently 


(3+ 1)=(: — +1) +#, whence 3 =1== —1+&, and 


4 b 
a—b 


. . A5 and the ratio 6 : a—b leſs than d: d. 


Ex. 2. 3 the ratio of a+6b : c+d be greater than the ratio 
of a: c, then will the ratio of 5 : d be greater than the ratio of 
4 : . By the preceding method convert theſe ra- 
7 2 tios 


in which no negative or impoſſible quantities or indexes are 


Der. Wanine's Obſervations 
tios into equations, and there reſult i- aua; 1 71 8 
= 


5 aid the propoſition. aſſerts, that if k be an 3 


A, A0 will alſo be an affirmative quantity. Reduce theſe i 
two equations, ſo as to take away their denominators, and the 


reſulting equations will be 4 L * a+b x k=ac+bc and 


ad+bd+a+6. S be + bd, whence 'Y = FD and = 


30.4 
b(a+ b) Ee 
Ex. 3. Let @ be greater than c, and 6, and (a+H) 


* x (a =b)= ( ＋ d) x (e a, that is, & B' C= d, then wil 
v be greater than 4; for a in the equation 4 BH - & write 
c+k, and there reſults 2c>+f=#f—#, whence þb* 3 is an 
affirmative quautity, and conſequently þ greater than 4. 

Ex. 4. Let, as in Ex. 1. the ratio a+6: 5 be greater than 
ed: d, then will 5: 245 be leſs than the ratio 4: c 4 
By the preceding method tranſlate theſe ratios into the 


—. —4 
= and 2 == , reduce theſe 


equations, ſo as to take away their ee and there 
reſult bc +b4 +0 ed ad + bd and da - db S be bd + 


5 TERS ad — be 3 „ My 
bat”, and conſequently hk = I and 2 ＋ but theſe 


two fractions which expreſs the values of & and # have the 
| ſame numerators, and their denominators both affirmative; 
therefore, if one E be affirmative, the other & will alſo be affir- 
mative. 3 

Cor. From theſe principles can caſily be deduced innumera- 
ble propoſitions of this ſort. Aſſume two or more ratios, of 
which let ſome be ſuppoſed greater than others; then, from 
the above - mentioned transformation, by addition, ſubtraction, 


multiplication, diviſion, &c. can be found ſuch functions of 
the 


, and the propoſition i is ; evident. 


b 
two equations 2 + 
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he above · mentioned quantities, that ſome may become greater 
than others, and thence * be deduced the propoſitions above- 
mentioned. | 
7. It may not be improper in this place to adjoin a few obſerva- 
tions on finding the limits of ſome quantities in which others 
contained in given equations become negative or affirmative. 

1. Given an equation involving two unknown quantities x 


and y; the limits of the quantity y, between which the quan- 
tity x will become affirmative or negative, may be deduced from 


the following principles. 


The quantity x paſſes from affirmative to negative or from 
negative to affirmative, either through nothing or infinite; or 
from two impoſſible roots it paſſes to affirmative or negative 
I through two or more equal roots; and, vice verſd, from affir- 
| mative or negative to two or more impoſſible. roots through 


two or more equal roots. 


Find therefore the values of y, when x becomes So, or 
infinite; and alſo all the caſes in which two, c. values of x 
become equal, that is, when its roots become impoſſible; and 
from thence can be deduced the limits of the quantity be be⸗ 


tween which (x) becomes affirmative or negative. 


2. If x= = be « an affirmative quantity, then P will be affir- 


mative or negative, according as Q 1s an affirmative or negative 


quantity, &c. Aſſume therefore Po and Q=o, and from 


the roots of the reſulting equation can be deduced the caſes, 


in which (x) becomes an affirmative quantity. 


3. If more ) unknown quantities (x; y, 2, v, &c.) be con- 
tained in a given equation; then, by the preceding method, 
find the limits of (z, v, &c.), between which (x) becomes an 
affirmative or negative quantity, and let the quantities denoting 
the limits contain not more than (- 1) unknown quantities: 

| from 


To 1 
from the bove-netitioned quantities or equations expreſſag 
the limits, find others denoting their limits, which do not con- 
| tain more than (# 2) above-mentioned quantities, and ſo on. 
4. Often from the ſubſtitution of the limits of given quan- 
tities can be acquired the limits of the remaining one (x). 
Find all the greateſt values of the quantity (2) contained be- 
tween the above-mentioned limits, and thence can be deduced 
the limits ſought. _ | 
5. If there are given (n) equations involvin g(m+ 1) or 


tin 
more unknown quantities; then ſometimes with, and ſome- gat 
times without, redueing them to others involving more few 2 


unknown quantities can be found by the preceding method 
limits: and from comparing the limits ſo acquired can ſome. 
times be deduced the limits ſought. 
6. If a given function of the unknown quantities (x, y, 2 
&c.) 1s aſſerted to be contained between given limits, when 
other functions of the above-mentioned quantities are contained i 
between given limits, and the demonſtration of it is required; 
from the given equations and the given functions find limits 
of the unknown quantities reſpectively, and if the latter limits | 
are contained between the former, / the propoſition 1 is generally 
true, otherwiſe not. : 
7. From the above- mentioned priuciples can be found the 
caſes in which an unknown quantity (x) admits of one or more 
affirmative values. 
8. It appears from the principles before delivered, that the | 
finding the number of affirmative and negative roots of 2 
given equation neceſſarily includes the finding the number of | 
its impoſſible roots; and therefore it may not be improper toi 
ſubjoin ſomewhat on what has been done on this ſubject. 
1. DESCARTI 


* N 


7 _—_ converging We ; ? 

1. . vn a method of finding the nomber of affic- 
tive and negative roots of a given equation, when all its 
roots are poſſible 3 but all the roots are very ſeldom in equa- 

tions of ſuperior dimenſions poſlible, unleſs when the equation 
18 purpoſedly made. 

2. It has been demonſtrated by others and myſelf, that the 
equation will at leaſt have ſo many changes of ſigus from to 
, and to +, as there are affirmative roots, and ſo many con- 

bed progreſſes from + to + and — to —, as ſhers are ne- 
gative roots. 
3. A rule for finding i in . the number of affirmative = 
negative roots in a biquadratic, and in the equation x" + A 
+B=o, was firſt publiſhed in the Medit. Algebr. 

4. Hanxkxior demonſtrated a method of finding the num- 
ber of impoſſible roots contained in a cubic equation. In. 
che vear 1757 J ſent to the Royal Society a method of finding, 
che number of impoſſible roots contained in a biquadratic and 
quadrato-cubic equations, and in the equation * AN B= O. 
5. Schnoor EN gave a method of finding the number of impoſſi- 
ble roots which can be concluded from the deficient terms of an 
equation. Nxw rox gave a rule which often diſcovers the num 
ber of impoſſible roots contained in a given equation. CAMPBELL 
diſcovered a new rule on the ſame ſubject. Mr. MACLAURIN 
has added forewhat more general on theſe ſubjects: theſe rules 
may be rendered more general by a principle firſt given in the 
Miſcell. Analyt. vis. multiplying the given equation into 
a quantity x = a or (- a) x (x — b), &c. and finding from the 
rule the number of impoſſible roots contained in the given 
equation. Similar and more general rules and principles have 
been added in the Medit. Algebr. Theſe rules, in equations of 
ſuperior dimenſions, ſeldom diſcover the true number of im- 
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ponndle boots. 1 believe ito, that I firſt pave a rule f in thel 
Aceh Analyt. fof finding the number of impoſſible roch 
from u an equation, whoſe roots are the ſquares &e, 
ak the roots of a given equation, which rule in equation 
of ſuperior dimenfions ſometimes finds impoſſible roots, 
When Newron' s, CAMrBRLT's, &c. rules fail, and fails 
when they find them; and alſo a rule for finding im- 
poſſible roots from an equation, whoſe roots are the ſquares 
of the differences of the roots of the gwen equation; this 
rule (as has been obſerved by me in the Miſcell. Analyt. 
aud E biloſophical Tranſaction s) always « diſcovers whether all the 
roots of the given equation are poſſible or not; and the laſt term 
ot the reſulting equation diſcovers alſo, whether o, 4, 8, 12, 
&c. or 2, 6, 10, 14, &c. impoſſible roo's, are contained in the 
given equation ; to which may be fubjoined, if the given equa- 
tion has 7 poſſible and n—r = itnpoffi ble roots, that the num- 
der of changes of ſigns from+ to- and - to in the reſulting 


21 
equation will not be leſs than * N N and the number of con- 


timued progreſſes a and to— will not be leſs than t: 
whence, if the number of continued progreſſes be ., the 
number of -impoflible roots will not be greater than ar „ and 
the number of - poſſible roots not leſs than 2 2/7. If the 
number of - changes of ſigns be h, the number of poſſible roots 


will not be greater than * valcke r — is the greateſt poſſible 


number which does not exceed ,, and the number of impoſſible 
roots not Teſs than 2 . Another rule was, I believe, firſt given 
by me in the Miſcell. Analyt. 1 762, for finding impoſſible root! 
by finding an equation whoſe roots are , x” — —M"v 
2 — &c. S, and na" — n 14% +1 2 —_ — &c, =0 
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To the Medit. Algebr. ſomewhat has been added concerning 

impoſſible, affirmative, and negative values of the unknown 

quantities in an equation which involves two or more unknown 
quantities; and alſo was firſt delivered a rule from the number 
of affirmative, negative, and impoſſible roots of an equation 
being known to find the number of impoſſible, negative, and 
affirmative roots of an equation, whoſe roots have a given 
algebraical relation to the roots of a given equation; on which 


two laſt ſubjects little, I believe, had been before publiſhed. 
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Iv. Eifer me on the Produti on of Dephlog need Air fron 
Water with various Subſlances. In a Letter from Sir Benjamin 
' Thompſon, Nui. F. R. S to Sir Joſeph Banks, Bart. P.R.$, 


fa 
Read Feb, 15, 1787. 
DEAR SIR, „„ Munich, Sept. 1, 1786. 


V'RIos opinions having been entertained with reſpect to 
| the origin of the dephlogiſticated air, produced by expo 
7 ſing healthy vegetables in water to the action of the ſun's rays, 
according to the method of Dr. Incen-novsz ; and not being 
myſelf thoroughly ſatisfied with any of the theories Propoſed 
I made the following experiments, with a view to th rowing 
ſome new. light upon that ſubje&. 

| Having found that raw filk poſſeſſes a power of attraQting 
and ſeparating air from water in great abundance, when expoſed 
in it to the. action of light, it occurred to me to examine the 
properties of this air, and to conſider more attentively the cir 
-cumſtances attending its production, thinking that this might 
poſſibly lead to ſome furtlfer diſcoveries, relative to the pro 
duction of the air yielded by water under other circumftances: 
and though my ſuccefs in-theſe inquiries has not been equal i 
my withes, yet, as in the courſe of my reſearches I have di 
covered ſome facts which I take to be new, and as I have cor 
-firmed others, already known, by a variety of new expery 

ments 
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expo: 


owing 


$ Con 


ents, 1 fatter myſelf that you will not think an account of 
my labours upon this ſabje& altogether unintereſting. = 


the confirmation or refutation of the theories of others, and 
without entering into any {| peculative enquiries relative to their 


of light, ] ſhall, ſometimes mention it as being yielded by the 
. filk; and I ſhall ſometimes ſpeak of the air furniſhed by ex- 
poſing water, which has previouſly turned green, in the ſun's 


probable, that the green matter acts a very important part in 
the production of this air in the one caſe and in the other. But 
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Before I enter upon the detail of my experiments it will be 
neceffary to premiſe, that I ſhall in general confine myſelf 
merely to the faCts as they appear, without applying them to 


remote cauſes ; and in deſcribing the different appearances I 
ſhall make uſe of the moſt familiar terms. Thus, in ſpeaking 
of the air produced upon expoſing raw ſilk in water to the action 


rays, as being immediately produced by the water, though it is 


how it acts is not well aſcertained ; and I had in general much 
rather confine myſelf to a ſimple, and even an unlearned, de- 
ſcription of facts, than by endeavouring to give more preciſe 
definitions, at firſt, to involve myſelf in all the difficulties 
which would attend accounting for phznomena, whoſe cauſes 


are but me imperfectly known. 


| You will, therefore, not be ſurpriſed, if you ſhould ſome- 
times find me ſpeaking of appearances in the ſame manner as 
a perſon would mention them who ſaw them for the firſt time, : 


and who did not know that others had diſcovered them before, 


and how they had endeavoured to account for them. 1 ſhall 
take care that the facts ſhall be faithfully deſcribed, and 1 flat 
ter myſelf you will not think them the leſs intereſting on 
account of their being unadorned.— But I haſten to give vou 
an account of my experiments. 


Expe- 
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* My firſt 4 was to collect a ſuffcient W oF the air 
ſeparated from water by filk to determine its goodneſs by the 
teſt of nitrous. air; and to this end, having filled with clear 
ſpring water a globe of thin, white, and very tranſparent 
glaſs, . 41 inches in diameter, with a cylindrical neck 3 of in 
7 in diameter, and about 12 inches long, I introduced into 
20 grains of raw filk, which had been previouſly wathed in 
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4 in order to free it of air; and inverting the globe under wa- 5 | 
ter, and placing its neck in a glaſs j jar, containing a quantity of '- 
the ſame water with which the globe was filled, I expoſed it 80 
in my window to the action of the ſun's rays, and prepared 3 
myſelf to examine the progreſs of the — or r production 15 


of the air. 
The globe had not been expoſed ten minutes to the A of 
the ſun's rays, when I diſcovered an infinite number of ex- 
ceedingly ſmall ai ir-bubbles, which began to make their ap- 
pearance upon the ſurface of the ſilk; and theſe bubbles con- 
tinuing to increaſe in number, and in ſize, at the end of about 
two hours the ſilk, appearing to be intirely covered with them, 
roſe to the upper part of the globe. 
| Theſe bubbles going on to increaſe in fize, and running into 
each other, at length began to detach themſelves from the filk, 
and to form a colle&ion of air at the upper part of the globe; 
but the meaſure of my eudiometer being rather large, it was 
not till after the globe had been expoſed 1 in the ſun near four 
days, that a ſufficient quantity of air was collected to make the 
experiment with nitrous air, in order to aſcertain its goodneſs by 


that teſt, 


Having 
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- Hiving at length collected a ſufficient quantity of this air 
for that purpoſe, I carefully removed it from the globe, and 
mixing with 1 meaſure of it 3 meaſures of nitrous air, they were 
reduced to 1 24 meaſures; which ſhewo, that it was actually 
dephlogifiicated air, and that of a conſiderable degree of purity. 
Common air, tried at the ſame time, 1 meaſure of it with 
1 meaſure of nitrous air were reduced to 1,08 meaſure. 
Having again expoſed the globe with the ſame water and filk 
in my window, where the ſun ſhone the greateſt part of the 
day, at the end of three days I had collected 31 cubic inches 
of air, which, proved with nitrous air, gave 14+ 3u=1,18z 
that is to ſay, 1 meaſure of this air, added to 3 meaſures of | 
nitrous air, were reduced to 1,18 meaſure. 
A ſmall wax taper, which had been juſt blown out, a ſrnall | 
part only of the wick remaining red-hot, upon being plunged 
into a phial filled with this air, immediately took fire, and 
burnt with a very bright and enlarged flame. 
The water in the globe appeared to have loſt ſomething * its 
tranſparency, and had changed its colour to a very faint 
greeniſh caſt, having at the ſame time 2 the odour or 
fragrance proper to raw ſilk. 
This experiment I repeated ſeveral times with freſh witer 
(retaining the ſame filk) and always with nearly the ſame re- 
ſult; with this difference, however, that when the ſun ſhone 
very bright, the quantity of air produced was not only greater, 
but its quality likewiſe was much ſuperior to that yielded when 
the ſun's rays were more feeble, or when they were frequently 
| intercepted by flying clouds. The air, however, was: always 
not only much better than common air, but better than the air 
In general produced by the freſh leaves of plants expoſed ut 


water to the ſun's rays in in the experiments of Dr. Id GEN- 
Housz; 
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noviz;; and under the circumſtances the moſt Wee 
vas ſo good that 1 meaſure of it required 4 meaſures of nitrouy 
air to ſaturate it, and 3.65 Weaſures of the two airs were de- 
ſtroyed; or, proved with nitrous air it gave 14 ＋ 41, 35. 
which, I believe, is better than any air that has yet beru 
produced in the experiments with vegetables. 72755 | 
The method 1 have here adopted "of uſing algebraic cha« 
| raters in noting the reſult of the experiments 1 made to deter- 
mine the goodneſs of air, though not ſtrictly mathematical, i 
very convenient ; and for that reaſon, I ſhall continue to make 
uſe of it. à repreſents the air which is proved; 1 nitrous air; 
and the numbers which are joined to theſe letters ſhew the 
| quantities, or the number of meaſures, of the different airs 
made uſe of in the experiment. The other number, which 
| ſtands alone, or without any letter attached to it, on the other 
| fide of the equation, ſhows the volume, or the number of 
meaſures and parts of a meaſure to which the two airs arc 
reduced after they are mixed. I ſhall ſometimes add a fourth 
number, ſhewing the quantity of the two airs deſtroyed, as this 
more immediately ſhews the goodneſs of the air which us 
proved. 

'Fhus, in the experiment laft av 1 PR of the 
Air proved, mixed with 4 meaſures of nitrous air, were reduced 
to 1,35 meaſure, conſequently 3,65 meaſures of the two ain 
were deſtroyed; for it is 14 4 5 1, 35 3,65, and the reſult 
of this trial I ſhould write thus, 14 ＋ 4 1, 35, or 3,65. 
Or, for ſtill greater convenience in practice, as this laſt num- 
ber 3,65, or 3 ſhews more immediately the goodneſs of the 
air in queſtion, as I have juſt obſerved, by ſuppoſing with Dr. 
InGEen-HoUsZ the meaſure of the eudiometer to be divided | 
into 100 equal parts, | it will be 1004+ 4007=135, and 365 
expreſſug 


whole number. _ 

But, inſtead of writing 1008+ 400 13 6. 15 I ſhall con- 
tinue to write 14 +4# = 1, 35, and ſhall expreſs the laſt number 
(3,65) as a whole numbet notwithſtanding ; and I ſhall ſome- 


number only, in noting the goodneſs of any air in queſtion. 
I would juſt obſerve, with reſpect to the proceſs of proving 
the goodneſs of any kind of air, by the teſt of nitrous air, 
that I mix the two airs in a Phial, about 1 inch in diameter and. 
4 inches long, putting the air to be proved into the phial firſt, 
and then introducing the nitrous air, one meaſure after ano- 
ther, till the volume of the two airs after the diminution has 


than % meaſures. 

Immediately after the introduction af each meaſure of ni- 
trous air, I give the phial a couple of ſhakes ; after which I 
ſuffer it to ſtand at reſt, while I prepare another meaſure of 
nitrous air, which commonly takes up about 20 ſeconds. 
The meaſure of the eudiometer being filled with air, I ſuffer it 
to remain quiet under water 15 ſeconds, or while I can leiſurely 


glaſs tube; and in ſhutting the ſlider I take care to bring it to 
be exactly even with the ſurface of the water in the trough. 


volume of the two airs in the tube of the eudiometer, after 
El they have been mixed and diminiſhed in the phial. 


VoL. LXXVII. 


alrs 


— will becons a. 


times (following the example of Dr. IvoEN-Housz) write this 


taken place, amounts to more than one meaſure, and is leſs 


count 30, in order that the air may have time to acquire the 
temperature of the water in the trough, and that the water in 
the meaſure may have time to run down from the ſides of the 


Similar precautions are likewiſe made uſe of in meaſuring the 


In order that I may know when I have added nitrous air 
enough to the air in the phial, ſo that the volume of the two 
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* 90 c aDbwyaiins 0 OMPSON's Experiments 
airs may amount to 1 meaſure; and may not be greater than; 
meaſures, there are two marks upon the phial, made with thy 
point of a diamond, the one ſhewing 1 meaſure of * eudio- 
meter, the other ſhewing 2 meaſures. . 
The tube of my eudiometer is half an inch in dee in⸗ 
ternally, and 1 meaſure occupies 34 inches in length upon it, 
and the meaſure itſelf is made of a piece of the ſame tube. 
Both the one and the other are ground with fine emery on the 
infide, in order to take off the poliſh of the glaſs, and by that 
means facilitate the running down of the water, which might 
otherwiſe hang in drops — the inſide of the tube upon the 
introduQtion of air. 
I "The nitrous air was always freſh vady and of the Camp 
| materials, viz. fine copper wire diſſolved in ſmoking ſpirits of 
nitre, diluted with 5 times its volume of water; and all poſſ 
ble attention was paid to every other circumſtance that coul 
contribute to the accuracy of the experiments. 
I have thought it neceſſary to mention theſe particulars on 
account of the great difference in the apparent goodneſs of any 
kind of air proved by the teſt of nitrous air, which ariſes from 
the difference of the circumſtances under which the expert 
ments are made. | 
But to return to my experiments upon the air produced upon 
todos filk in water to the action of the ſun's rays. 
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Experiment No 2. 


Finding chat the quantity and the quality of the air produced 
depended, in a great meaſure, upon the intenſity of the light 
by which the water and the filk were illuminated, I was del 
rous of ſeeing whether by depriving them intirely of all light 
they would not at the ſame time be deprived of the power ol 

furniſhing | 
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| furniſhing air. To aſcertain this fact, I took a globe A, ſimi- 
lar to that made uſe of in the foregoing experiment, and having 
filled it with freſh ſpring water, I introduced into it 30 grains 
of raw ſilk, and placing it with its cylindrical neck inverted 
in a jar filled with the ſame water, I covered the whole with a 
large inverted earthen veſſel, and expoſed it, ſo covered up, for 
ſeveral days in my window, by the fide of another globe B, 
containing a like quantity of water and filk, which J left 
naked, and conſequently expoſed to the direct rays of the ſun. 

The reſult of this experiment was, that the water and filk 
in the globe expoſed to the ſun's rays furniſhed air in great 
abundance, as in the experiment before-mentioned ; while that 
in the globe covered up in darkneſs, produced only -a few 
very inconſiderable air-bubbles, which remained attached to the 


ſilk. 


could | : 

1 Experiment Ne 3. : | 
ars on To ſee if heat would not facilitate the production of air in 
of any the globe ſheltered from the light, I now removed it from the 


window, and placed it near a German ſtove, where I kept ir 
warmed to about go? of FAHRENHE!T'S thermometer for more 
than 24 hours; but this was all to no purpoſe. The air pro- 
duced was fo exceedingly ſmall in quantity, that it could neither 
be proved, nor meaſured, there being only a few detached air- 
bubbles, which had collected themſelves near the top of the 
ge. SY | 

The medium heat of the water in the globe expoſed 1 in the 
ſun's rays, at the time when it furniſhed air in the greateſt 
abundance, was about 90 FAHRESHEIT. It was ſometimes 
as high as 90 but air was frequently produced in conſiderable 
quantities when the heat did not exceed 65 and 70“. 


N 2 Expe- | 
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' Experiment Ne 4. 


Finding by the laſt experiment (Ns 3.) that heat tu 
without light, was not ſufficient to mans filk in water to pro- 
duce air, I was deſirous of ſeeing the effect of light, without 
heat, upon them. To this end, I took the globe B, with its 
contents, and plunging it into a mixture of ice and water 
brought it to the temperature of about 50 F. and taking 
it out of this mixture, and expoſing it immediately in the 
ſun's rays (which were very piercing at the time) I enter- 
tained it in this temperature above two hours by the occaſional | 
: application of cloths, wet in ice water, to the lower = of 
the globe. 

Notwithſtanding this degree of cold, a conſiderable quantity 
| of air was produced ; though it was not furniſhed in ſo great 
abundance as when the gots was fu to become hot in the 
ſun's rays. 

Having thus aſcertained the great effect of the ſun's rays in 
the production of the air furniſhed upon expoſing ſilk in water to 
their ĩufluence, my next attempt was to determine, whether 
this aroſe from any peculiar quality in the ſun's light ; or whe- 
ther other light would not produce the ſame effect. With a 
view to aſcertaining this point, which I conceived to be of 


very great importance, I made the following intereſting expe- 
riment. | 


Experiment Ne 5. 

Having removed all the air from the globe B, and | haviog 
ſupplied its place with a quantity of freſh water, ſo as to ren- 
der it quite full, I replaced it inverted in its jar, and removing 
it into a dark room, ſurrounded it with 0 lamps with reflectors, 

and 


2 nals ee Dephlogiticated Ar. 9%; 
1 6 wax-candles, placed at different diſtances from 3 to6 
ches from it, and ſo. diſpoſed as to throw the greateſt quan- 
ity of light poſſible upon the ſilk in the water, taking care at 
he ſame time that the water ſhould not acquire a greater heat 
an that of about go® F. 
Things had not remained in this ne above 10 minutes, 

when I plainly diſcovered the air- bubbles beginning to make 
their appearance upon the ſarface of the filk; and at the end 
ff 6 hours, there was collected at the upper part of the globe 
quantity of air ſufficient to make a proof of its goodneſs with 
itrous air; and, upon trial, 1 had the pleaſure to find, that i i 
was depblogiſticated, and of ſuch a degree of purity, that 1 
meaſure of it with 3 meaſures of nitrous air 2 no more 
than 1,08 meaſure. 

1 afterwards expoſed, to the ſame light, in ſmall inverted: 
glaſs j jars, filled with water, a freſh- gathered healthy leaf of 
the peach tree, and a ſtem of the pea plant with 3 leaves upon 
it; and both theſe vegetables furniſhed air in the ſame manner 
as they are known to furniſh it when expoſed, under ſimilar 
circumſtances, to the action of the ſun's direct rays, but in leſs. 
quantities, which I attribute to the greater intenſity of the: 
ſun's light above that of my lamps. 
The experiment with the filk and water L repeated ſeveral- 
times, always with nearly the ſame reſult. The quantity of 
air furniſhed was ſometimes a little greater, and ſometimes a lit- 
tle leſs ; but it was always in much greater abundance than that 
furniſhed by an equal quantity of water and filk expoſed to the 
Flame heat, but excluded from the light; and I have reaſon to 
think, it was of a much ſuperior quality, though the quantity 
Jof that produced in the dark was too {mall to be ſubmitted to. 
ay proof. 7 TE ; 
| "OP Theſe 
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"Theſe experiments appear to me to be of fo much i 1mpots 
*tance, that I could + with they might be repeated, and varied, 
Ain ſuch a manner as thoroughly to eſtabliſh the facts relative ty 
the ſubject in queſtion. For my part, I would moſt readily 
- undertake the inveſtigation of the matter; but being employed 
in another purſuit (the continuation of my Experiments upon 
Heat), and, beſides this, much of my time being taken up by 
the duties of my military employment, I have not leiſure, at 
preſent, for ſuch an undertaking. 

Perhaps it may be proved by future experiment, that the 
matter of light is a conſtituent part of what is called pure or 
dephlogiſticated air; if ſo, may we not venture to conclude 
With M. ScugELE, that the Iigbt, as well as the heat, pro- 
duced by flame, and ; in general all burning bodies, ariſes /olely 
from the decompoſition -of this air, and not from the phlo- 
giſton or inflammable principle of the body which is burnt? 
There are many Phænomena which would ſeem to Juſtify this 
opinion, a 

But to proceed i in the account of my experiments. —Th: 


re 
operation of inverting the globes under water, and placing 
them in the j Jars, and of diſplacing and replacing them upon MI 
fe 
removing the air produced, being attended with fone incon- . 
veniences, I had recourſe to another method of diſpoſing of 
the apparatus, much more fimple and more convenient. ] he 1 
globes being filled were laid upon a ſmall piece of deal board, 


with their necks inclined at an angle of about 20 above the 
plane of the horizon, and ſupported in this poſition by a per- 
pendicular fork of wood, fixed to the end of the board, 25 
repreſented by the figure. (See Tab. VI.) The part of the board, 
upon which the under part of the globe repoſed, was hollowed1 
_ little, to prevent the globe from rolling; ; or, what 1 found 

more 


* 


on. $4 Produtfion 7 Depblogificated 4 Ain. 8 98 


note ſafe and convenient, a ſinall ring, or hoop, of ſoft wood, 
was nailed down upon the board in that part. 

By this arrangement the jars were ſpared, and the end of 
the neck of the globe being eaſy to be come at, by introducing 
4 wire, or, what I commonly made uſe of in preference, a 
ſmall glaſs tube, into the globe, the air hanging attached to the 
GIk can at all times be ſeparated from it; which is often neceſ- 
fary, in order to determine with greater gs the quantity 
of air furniſhed in any given time. 4 

The air produced naturally riſes to that. part of the globe 
which is uppermoſt, where it collects in a body, driving out an 
equal volume of water ; which, to prevent its running about, |; 
may be collected, by placing a propes veſſel under the mouth, 
or end of the neck of the globe, to receive it. 

The method of removing the air from the globe is too well 
known to require a deſcription. I would however obſerve, 
that in doing it care ſhould be taken, that the water in which 
| the globe is immerſed be quite clean, and of the ſame kind with 
that in the globe, otherwiſe that which enters the globe, to 
replace the air removed, might derange the experiment. : 
Having provided myſelf with a number of globes of dif- 

ferent ſizes, all fitted with boards or ſtands to ſupport them, 
in the manner above deſcribed, I proceeded | in the courle of my 
experiments as follows. | 

Finding that raw filk, expoſed i in water to the action of 
light, cauſes the water to yield pure air in ſo great abundance, 
I was deſirous of finding out whether this aroſe from any pecu- 
liar quality poſſeſſed by the filk ; or whether other bodies might 
not be made to produce the ſame effect: to this end, having 
provided 6 globes, each about 44 inches in diameter, and 


having filled them with * ſpring · water, I introduced into 
them. 
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. 6 95 Bzxjanin TroMesoNn's Experiments 
chem the following ſubſtances, and expoſed them all, at th 
ſame time to the action of the ſun's rayys. 
.» the globe No 1. I put 15 grains of ſheep's wool: 
No 2. - 15 grains of Eider N EE 
Ne 4. — 15 grains of the fine fur of a Ruf. 
ian hare, | 
ND 4. — 15 grains of cotton wool, 
Ne 5. —— 15 grains of lint, or the raveling 
. of fine linen, 
No 6. 15 grains of human hair; theſe 
ſubſtances being all well waſhed, and being thoroughly freed 
of air, by being wet before they were put into the globes, 
The reſults of theſe eFÞeriments were as follows, 


7. 


Experiment Ne 6. 


| The globe Ne x. which contained the ſheep's 8 wool, ad not 
begin to furniſh air in any conſiderable quantity till the third 


day of its being expoſed to the action of the ſun's rays; and Il dit 
ſeveral days of cloudy weather intervening, I did not remove 5 
the air till the eighth day, when I collected 14 cubic inch, I dit 
which, proved with Nitrous air, gave 14 ＋ 33 r 1,28, or 272 air 
degrees. at 
The wool at no time farniſhed more than one-third part of I un 
the air, which an equal quantity of filk would have furniſhed | ſu; 
under the ſame circumſtances. 
The water was very faintly tinged of a greeniſh hve, 
Experiment Ne + 9 ql 
The water in the globe N* 2. __ 1 Eider down, began k 


= and immediately to furniſh air, and continued to yield it 
during the whole time of the experiment, nearly in as large 


quantities 
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— Produion of — 97 
quantities as the water with flk had done in the former expe- 
ments, and nearly of the fame quality. 11 cubic inches of 
S this ait, furniſhed the eighth day from the beginning of the 
| experiment, or the third of ſunſhine, proved with nitrous air 
gave 1a + 3 * 1,34, or 266 degrees of purity. 

The water was faintly tinged of a greeniſh, yellowiſh caſt, 
and the Eider down, when examined attentively, appeared to 
be apron with A 3 ſlime. 


1 | Experiment Ne 8. 
Tbe as Ne 3. An fic (dh was white) fur- 
niſhed more air than the ſheep's wool, but not ſo much as the 


inches of this air, which, proved with nitrous air, gave 
14+ 38 = 1,44, or 250. 


did not appear to have loſt much of its tranſparency, or to be 
| diſpoſed to depoſit any ſediment. 


The air produced in this experiment made its appearance i ina 


air-bubbles which appeared upon the ſurface of the fur being 


uncommon ſize before they detached theraſelves to riſe to the 
ſurface of the water. 


Experiment No bl. 


quantity of air which appeared to be better than that furniſhed 
by any of the five other globes. Proved with nitrous air, it 


the water did not appear to have altered its colour in the leaſt, 


or to have loſt any thing of its tranſparency. 
vor. LXXVII. 0 * 


Eider down. After four days of ſunſhine, I collected 2 cubic 


The water had acquired a very faint mitt hue ; but i it 


different manner from that furniſhed in thoſe preceding it, the 


at conſiderable diſtances from each other, and growing to an 


The globe No 4. with cotton wool furniſhed a conſiderable 


turned out 14 ＋ zu 1, O), or 2933 and, what was particular, 
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The globe No 5. with ravelings of linen, was very „ hid in 
Jarviding air, and produced but a ſmall quantity; at the end 
of a fortnight, however, I colle&ed about 2 cubic EN which, 
proved with nitrous air, gave 14+ 3 = 1,51, or 249. 
The air appeared to have very little diſpoſition to fx itſelf to 
the ſurface of this ſubſtance. It was very ſeldom that there 
were air-bubbles enough attracted to it to cauſe it to riſe to the 
ſurface of the water, and the few bubbles which occaſionally 
made their appearance very ſoon difappeared upon the diminu- 
tion of the light and heat of the ſun. In ſhort, it appeared, 
that there is but a very feeble attraction between this ſubſtance 
and the particles of air, at leaſt when they are diflolved in 
water. Whether this ariſes from the ſuperior affinity of the 
| ſubſtance to water, or not, I will not pretend to decide; but it 
appears to be probable, as there is ſo ſtrong an attraction be- 
tween water and linen, or flax, which is apparent from the 
avidity with which a piece of dry linen drinks up that fluid, 
and becomes wet, even to a confiderable diſtance, when one 
end of it only is placed i in it. 
Vou will recollect that I here conſider the ſeparation of the 
air from water as a ſimple operation; and that I do not take 
into the account the purification, or rather the generation, of 
this air. Though there is great reaſon to conclude, that theſe 
two operations are very nearly connected; yet, to ſimplify my 
inquiries, I ſhall, in the firſt place, conſider the appearances 2 
they preſented themſelves to my ſenſes. It will be eaſy after- 
wards to draw any concluſions from the reſults of the expert 
ments, which a careful examination and compariſon of the 


various phænomena will juſtify. 
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1 E No 11. | 
"The FO, Ne 6. with human hair, furniſhed ſtill wy air than 


that with ravelings of linen in the laſt mentioned experiment; 3 
but, notwithſtanding the ſmallnefs of the quantity, it was con- 


| nitrous air, it gave 14 ＋ 28 g 1, 45, or 155; whereas common 
air, proved at the time, gave 14 12=1,08, or 92. 


| Experiment = 


To aſcertain the relative goodneſs of the air furniſhed 1 by the 
water in theſe experiments, and of that produced by expoſing; 
freſh healthy vegetables in water to the action of the ſun's light, 
according to the method of Dr. INGEN-HOUSZ, I collected a 
ſmall quantity of air from a ſtem of a pea plant, which had 
four healthy leaves upon it, and found it to be much inferior to 
that furniſhed in the experiments with filk, and the various 
other ſubſtances I made uſe of. Proved with nitrous air, i D 
14 21 1, 05, © or 195. 

An intire plant of houſewort, of a moderate ſize, expoſed 
in 12 ounces of water 7 hours, to the action of the ſun's rays, 
at atime when the weather was remarkably fine, and very hot, 
furniſhed about Z of a cubic inch of air, which was ſo much 


of nitrous air, occupied 1,36 meaſures; or it was 14+ 11 
1,36, or 64. But I lay no kind of ſtreſs upon the reſult, of 
this experiment, as it is more than probable, that the badneſs of 
the air aroſe from the roots of the plants ; - for from the leaves 
alone I have frequently ſince obtained air, which appeared to 
be conſiderably better than common air. 


fiderably ſuperior in quality to atmoſſ ſpheric air, for, proved with 


worſe than common air, that 1 meaſure of it, with r meaſure 
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| Prom the leaves of the peach · tree I obtained an air which, 
proved with nitrous: ait, gave 14 4 26 g 1, 32, or 168; but ! 
did not think it neceſſary to multiply theſo experiments, par- 
ticularly as Dr. InozN-Housz and Mr. SEXNEBIRR have given 
us the reſults of ſo many of theirs upon the ſame ſubject, of 
the accuracy of which there is no room left to doubt. I ſhall | 
therefore content f with . to the reſults of their 
experiments. 10 
With a view to determining, with greater precio ion, . quan- 
tity and the quality of the air produced by a given quantity of 
water and ſilk, expoſed for a given time to the action of the 
ſun's rays, I made the er —— * K 1 


1 
5 


3 | - 


Experiment Ne 13. 


A TOY of fine, clear, white glaſs, about 8 2 inches in 
diameter, and containing 296 cubic inches, being filled with 
freſh ſpring water and 30 grains of raw filk, was expoſed in my 
window three days, vis. the 12th, 13th, and 14th of May laſt, 
theſe days being for the moſt part cold and cloudy, with ſhort 
intervals of ſunſhine. Air produced 92 cubic inches; quality 
14 . zu 1,61, or 239. e 
May 1 5. This air being removed, Er its place füpplied 
with freſh water, the globe expoſed in the ſun this day from 
nine o clock in the morning till five o clock in the afternoon, the 

weather being very fine, yielded LEES cubic inches of air, 
which,” proved with nitrous air, gave 14 ＋ 4 = 1,74, or 326. 
The heat of the water in the globe, during the experiment, was 
from 70ꝰ to 98˙ F. The water had now loſt conſiderably of 
its tranſparency, and had aſſumed a light greenith hue. 
May 16. The air furniſhed yeſterday being removed, the 
globe furniſhed this day, during fix hours of ſunſhine, 9 cubic 
3 inches 


on the Pro, 1 * — Air. 103 
inches of air, which, proved with Bone, air, gave 14 4 
14%, er 356. my 
May 17. 'Fhe globe furniſhed this this. during 31 1 . of 
ſunſhine, 6 cubic inches of air, of a very eminent quality 
for, proved with nitrous air, it gave W 5, or 

6 
; Gin, 18. This day cold and OPT not more than 1s . 
hours ſunſhine; air produced 2 of a cubic inch; i 
14 441 1,56, or 344+ 
| May 19. The globe appearing now to bs quite exudes of | 
ur, ſhewing no ſigns of furniſhing any additional quantity, 
though expoſed to the action of a very bright fun, I removed | 
the globe from the window, and placed it by the ſide of a 
German ſtove, where it was kept warm to 100˙ F. from 10 
oclock in the morning till 5 o'clock in the afternoon, By this 

means I obtained 4 of a cubic inch of air, which, prove 
| with nitrous air, gave 14 ＋ 4 1,74. or 326. 
Not being able to obtain any more air from the globe, 1 now 
put an end to the experiment. 

The quantities and qualities of the airs furniſhed upon the 
different days were as follows: 1 


* 


Quantity. ' Quality. we! 

Upon the 32th, * — 14th of May 9 cubic inches 2a-+.3x=1,61, or 239 
_ Igth = = 8&9 = = Ia+4n=1,74, or 326 
3 — — Ia+4n=1,44, or 356 

17th = 6 = — Ia+4n=1,35, or 365 

i3Sth — 4 — = $*144+4n=1,56; or 244 

19th — — * — — N or 7 ow 

Total quantity — 33 b [Mean quality3s n=, 1,84, or 316 


As in this experiment the air farniſhed each day was removed 
at night, and the place it occupied in the globe lupphed with 
„ ef -+ 
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0 freſh! water, I was deſirous of ſeeing what variation 7+" woigg 
occaſion i in the reſult of the experiment, if, inſtead of remov- 
wg the air from time to time, I ſuffered it to remain in the 
* till the end of the * to this end 1 made ing} 


ſilk uſed in the laſt experiment (being firſt well waſhed), the 
whole was expoſed four days to the action of the ſun's rays, 
| the weather being remarkably fine, and very hot. Upon re- 
moving the air produced, I found it amounted to 30g cubic 
mches; and its quality, | mk with nitrous air, was 14 4 Jn 
S1, oz, or 298, 


as the globe did not appear to be exhauſted; but the quantity 
of : air already collected in the globe was ſo great that it became 


very difficult to remove it, without running the riſk of loſing 


globe, either of which would of courſe have ſpoiled the expe- 
riment. For ſafety therefore, and that I might not by an acci- 


to the experiment at the end of the fourth day. 


yellowiſh earth was precipitated by the water, which, falling to 


air was ſeparated from water by the influence of light. 


— 
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Experiment N * th 
In which the globe being filled with freſh water, and the 


1 ſhould have continued the experiment for 1 days longer, 


a part of it, or of letting the air of the atmoſphere enter the 


dent loſe the trouble I had already had with it, I put an end 


The water had loſt of its tranſparency, and had acquired a 
ur caſt, as in the laſt experiment; and in both theſe 
experiments I obſerved, that a conſiderable quantity of whitiſh 


the bottom of the globe, attached itſelf to the glaſs in ſuch a 
manner that it was with difficulty that it could be removed. 
Theſe were general appearances, and took place in all caſes, 
a greater or leſs degree, where a conſiderable quantity of puts 
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The filk made uſe of in the laſt experiment Nen * 
frequently uſed in the foregoing experiments, I was deſirous of 
ſeeing the effect of making uſe of freſh ſilk; and alſo of vary- 
ing the proportion between the quantity of filk, the quantity 
of water, and the ſize of the globe; accordingly, at 6 O clock 
P.M. upon the 13th of June, I filled a ſmall globe, about ＋ 
inches in diameter, or (to aſcertain its ſize more exactly) which 

contained juſt 20 cubic inches, with freſh ſpring water, and 
17 grains of raw filk, wound in a ſingle thread, which had 
never been put into water, or otherwiſe uſed, fince it came out 
of the hands of the filk-winder. 

At the end of four days, viz. the 14th, 15th, 16th, and 
17th of June, this globe had only furniſhed 4 of a cubic. inch 
of air, which, proved with nitrous air, gave 12 ＋ 2,325 

or 68; conſequently was much worſe than common air. 
Upon the 18th, it began to produce good air, and during ix 
hours of ſunſhine it furniſhed 1:5 cubic. inches, which, 
proved with nitrous air, gave 14 ＋ 3 = 1, 15, or 285. 

The two following days (viz. the 19th and 20th of Jene) 
it furniſhed 1,37; cubic inch of air, which, proved with ni- 
trous air, gave 14+3#= 1,37, or 263; after which it totally 

ceaſed to yield air, * en for ſeveral mw; in the ſun” 8 
ra /s. . 

Total quantity of air produced 2705 cubic —— mean 
quality 14+ 3u = 1, 46, or 254. TP 

By this experiment it appears, that raw ſilk, when uſed Hs 
the firſt time, does not immediately diſpoſe the water to yield | 

Pure air; on the contrary, that it phlogiſticates the air yielded 
EN | by. 
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* water to a very — a! and this 1 afterwark 
found to be the caſe © with ſeveral other —— | 
« "*Phough the quality, dt a medium, of the air furniſhed in 
this exp niment was not quite ſo good as that furniſhed in the 
tos Expetimients laft mentioned (vis. No x 3. and Ne 14.), yet 
1 in proportion to the quantity of water made uſe 
of, was Freater thian in either of them: it amounted to fome- 
thing more than one · eigbtb of the volume of the water. | 
Of all the fubſtances I had "hitherto made uſe of 1 theſs 
experiments, raw filk had furniſhed the greateſt quantity of 
pute air; or, to expreſs myſelf more — had cauſed the 
water to furniſh the greateſt quantity; but it appeared to me 
very probable, that ſome other body might be found, that 
e this property in a ſtill greater degree than ſilk. Turn- 
g this matter in my mind, it occurred to me, to make the 
nir with the filky, or rather cotton-like, ſubſtance 
produced by a certain ſpecies of the Poplar-tree, Populus 
gro, very common in this country, and which, J believe, 
grows in England. I recollected that examining it ſome time 
before, with a different view (that of ſeeing if it might not be 
made uſe of with advantage, as a ſubſtitute for Eider down), 
and endeavouring to render it very dry, by expoſing it in a 
china plate over a chafing · diſſi of hot embers, when it had 
acquired a certain degree of heat ſmall parcels of it quitted the 
plate of their own accord, and mounted up to the wy of the 
This convinced me of the time not only of its extreme 
 fineneſs, but alſo of the ftrong attraction which ſubſiſts be- 
tween it and the particles of air; and it now occurred to me, 
that theſe qualities not only render it peculiarly proper as a 
ſubſtitute of Eider down, for confining heat, but likewiſe are 
properties 
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properties of all others the moſt neceſſary to its ſupplyin g the 
place of filk in the production of air, by expoſing it in water 
to the action of the ſun's rays. I therefore loſt no time in 
making the followin g ex periments. 


Experiment Ne 16. 
The great globe (contents 296 cubic inches) being filled 


with freſh ſpring water, and 120 grains of poplar cotton, 
upon the evening of the gth of June, and being the next day, 
the 10th of June, expoſed to the ſun about four hours, upon | 
| the morning of the 11th the air produced was removed, and 
its quantity was found to be 13 cubic inch. Its quality was 
very bad, viz. 1a+1n= 1,65, or 35 degrees only better than 
thoroughly phlogiſticated air. 
Upon the 1 Ith, 12th, and 13th, 1 cubic inch of air 4 
was produced, and this appeared to be as bad as poſſible ; ; for, 
proved with nitrous air, it gave 1a+1n=2, or o. 
Upon the 14th a few air- bubbles only were furniſhed ; but, 
notwithſtanding theſe unfavourable appearances, I ſtill conti- 
nued the experiment, and my patience was amply rewarded ; 
for the next day, the 1 5th, the ſun being very powerful, and 
the weather very hot, the water changing ſuddenly to a greeniſh 
colour, began all at once to give good air in great abundance, ' 
In the courſe of the day 10455 cubic inches were produced, 
which, proved with nitrous air, gave 14+ 33 r 1, 43, or 2 57. 
June 16th, a very warm clear day. The globe expoſed in 
the ſun, from 8 o'clock in the morning till 5 o'clock in the 
afternoon, furniſhed 14798 cubic inches of air, which, proved 
with nitrous air, gave 144 zu = 1, 34, or 266. 


Vor. LXXVII. = J—- : June 
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June 1) th, cloudy, with intervals of ſunffine; The Ws. 


with about 4 hours fun gave 5.2; cubic inches of air, of a va 
eminent quality, vis. 12+ 4n= 1,40, or 360. COLI 

The water having by degrees loſt its tranſparency, and m 
ing acquired a deep green colour, it broke up this day, and de- 
poſited a green ſediment; after which it recovered its tranſpa- 
reney, and became almoſt colourleſs. It continued; notwith- 
ſttanding, to furniſh air in conſiderable quantities. 

June 18th, being expoſed i in the ſun's rays from 8 o'clock 


in the morning till 2 o'clock in the afternoon (when the hea- 


vens became overcaſt), the globe yielded 6-22 cubic inches of 
air, which, proved with nitrous atr, gave 12+ 4 1, 44, 
or 3 56. | 


no more than 3.88 cubic inches of air, which, proved with 
nitrous air, gave 14 4 31= 1,06, or 294; after which it ceaſed 


dead yellowiſh caſt, and the cotton aſſumed the ſame hue. 


parcels of air furniſhed in the courſe of this experiment. 


June the rgth and 20th. Theſe two days the globe furniſhed 


totally to furniſh air, and the colour of the water changed to a 


The following are the quantities and qualities of the different 


Quantity. Quality. 
Upon the roth of June 13 cubic inches 1a+ 1n= 1,6 Ss or 3 * 
Inth, L2th, TI : · -* 14 K Ing, 


15th 
26th 


I4th 


or o 


ia + 3n=1,43, or 257 
14+ 3n=1,34, or 266 


17th = Ia+4n=1,40, or 360 
 I8th = 14 ＋ 41, 44, or 356 
19th and 20th — 14 ＋ 3u 1, O6, or 294 


— 


Total quantity 44] Mean — 149 = 1,23, or 277 


* * + „ „ „ „„ — —— + 
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 qefult; the total quantity of air produced being 41+ cubic 
inches, and its quality, at a medium, 14+ 3#=1,26, or 274. 
To aſcertain the relative fineneſs of this poplar cotton, and 
the thread of -raw filk as ſpun by the worm, in order to make 
an eſtimate of the ſurface of the former, I examined them 


| fibre of it, appeared to be not more than half as great as the 
diameter of the ſilk, conſequently its diameter was not more 


ock 
lea. | 


; of 
letter, that the diameter of a thread of lk, as FO by the 


worm, is only 7, of an inch. 


71th 


equal weight -of raw filk in the compound proportion of 2 to 1, 
and of 1734 to 1000; that is to lay, as 3468 to 1000. 


> Now, as the ſurface of 30 grains of raw ſilk amounts to 


inches of ſurface for each grain in weight; conſequently the 


(N* 


6600) ; an enormous ſurface indeed for a body, whoſe ſolid 
contents did not amount to quite half a cubic inch. 

From hence it appears evidently, that the quantities of air 
furniſhed by water, in the experiments with raw fk, and with 
Poplar cotton, were neither in proportion to the quantities of 


theſe ſubſtances made uſe of, nor to the quantities of their 
T2  lurfaces. 
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This experiment was repeated, and with nearly the 8 8 


both at the ſame time under an excellent microſcope, when 
the diameter of the cotton, that is to ſay, of a ſingle thread or 


than er part of an inch; for I have ſhewn, in a former 


The ſpecific gravity of the cotton I found to be very nearly 
equal to that of water, conſequently | it is to that of ſilk as 
1000 to 17 343 its ſurface, therefore, is to the ſurface of an 


476 ſquare inches, the ſurface of 30 grains of poplar cotton 
muſt amount to 1651 ſquare inches, which gives 55. ſquare 


ſurface of the eotton made uſe of in the foregoing experiment 
16.) did not amount to leſs than 6600 ſquare inches (for i 
120 grains, the weight of the cotton, multiplied by 55, gives 


*»_ "9 Brgy avant Tours 5 a, 7 
_ ile It appears likewiſe; from the two laſt experiments 
1 that the air which is furniſhed in the beginning of the experi. 
ment, or when the water is firſt expoſed to the action of the 
ſun's rays, is neither fo good, nor in ſo great abundance, 23 
afterwards, at a more advanced period; and that it tetally ceaſes 
co be produced after a certain time. 
To aſcertain, with greater preciſion, the qualities of the air- 
furniſhed at different periods of the experiment, or rather the 
period when the water begins to give good air; and alſo to 
determine the relative quantities and qualities of the airs pro- 
duced in the experiments with raw filk, and in thoſe with. 


| * — 1 made the following experiments. 
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Experiment N> 1 7. 


A globe, about 41 inches in diameter, containing juſt 46 
cubic inches, being filled in the evening with freſh ſpring wa- 
ter, and 30 grains of raw filk which had been previouſly. 
waſhed thoroughly to free it of air and the remains of former 
experiments, and being expoſed the next day in my window, 
the weather being cold and cloudy, with not more than 1 hour 
of ſunſhine, I of a cubic inch of air was produced, which, 
proved with nitrous air, gave 14+ 2#=1,86, or 114. 

The two following days, the weather being clear and mode- 
rately warm, 34 cubic inches of air were produced, which, 

proved with nitrous air, gave 14+ 3 1,14, or 296. 


Experiment N?* 18. 


The globe having been again filled with freſh ſpring 
water, and the ſame filk which had ſerved in the laſt experi- 
ment, after 2 nights, and 1 day of about 4 hours ſun, it had 
furniſhed 17 cubic inch of air, whoſe quality was 14 ＋ 212. 
1,13, or 197. The 


3 Probefiis of Depbbgiffcated Ar, "oy _ 


two following days, the weather being very Pa, 1 
* 346 cubic inches of air, which, proved. with nitrous- 


air, gave 10 T 8. or 342. 


Experiment N' 194 


The globe being again filled with. freſh water, and the fame 
1 well waſhed, and being expoſed 2 days in the ſun, it gave 
2.2; cubic inches of air, which, proved with nitrous air, ve. 


g y or 233. 5 


| Experiment Ny =” _ 
A like globe, with freſh water, and an equal . r 
poplar cotton which had been uſed in former experiments, 


being expoſed at the ſame time, gave "LEY cubie inches of. air, 
whoſe * was 14+ 3⁴.. 1, 20, or 280. 


S 


Experiment N' 2 21. 


uily BW A ſmall globe, contents 20 cubic inches, with 17 grains ob. 
mer raw ſilk, expoſed at the ſame time, gave 1 cubic inch of au,, 
o, which turned out 14 f. 3 1.37, or 263. 


Experi ment No 22. 


A large globe, containing 296 cubic inches, being filled: 
with freſh water and a_ ſmall quantity of conferva rivoularic, 
and expoſed at the ſame time with the three globes above men- 

tioned, gave 11 cubic inch of air, which, proved with ni- 
trous air, gave 14 K 21 1,76, or 124. 9 

The water in this experiment was changed to a brown co- 

lour, owing, as J conceived, to the too great heat the canfervæ 

acquired in the ſun. 


Theſe experiments were made between the 2d and the 5th - 
of July. 


Expe-- 
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-fuced. to repeat. it; accordingly, the globe being again fillet 
with water, and. a quantity of freſh conferva xroularis (a. ſmall 
7 handful),. and being expoſed to the action of the ſun's ray 


and 21ſt of Auguſt, | 


part of the time, 1,5; cubic inch of air was produced, 
Which, A with nitrous air, gave 14. 35 K 1.96, or 


« which, proved with nitrous air, gave 14+ 31=1,54, or 246, 


- and, being expoſed to- the action: of the ſun's rays two days, in 


2 => pe, _ . 


eme W. 25 * 


3 at the ſinalineſs of be quantity; and the * 
Quality, of the air produced in the laſt experiment, I was in- 


during 3 fine days, 1322. cubic inches of air were produced, 


At the end of the experiment the water — to be 9 
m tinged-of-a greeniſh caſt. 
The two: following. experiments were Pe n the 20th 


ape; X N 24. 


A globe, about 44 inches i in diameter (contents 46 cubic 
inches) being filled with freſh ſpring water, arid. 30 grains of 
-Saw filk whicht had been uſed in many preceding experiments, 


all about 8 hours of ſunſhine, the weather being cloudy great 


204 
Experiment No 25. 


At the ſame. time an equal globe, containing freſh ſ pring 
awater, and about 15 grains of poplar cotton (which had like- 
wiſe been uſed in former experiments) produced 1.22. cubic 


Too 


Anch. of air, which, proved with nitrous air, Tat 3u=, 
2,49, or 260. 
The 
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greeniſh caſt; but the colour of that with the cotton was 
rather the deepeſt. 


Upon examining this water under a microſcope, 1 found it: 
contained: a great number of animalcules, exceedingly ſmall, 


the ſame kind of animalcules likewiſe, but not. in: ſo. great: 


E abundance. I never failed to find them in every caſe in which; 
the water uſed in an experiment had acquired a greeniſn hue: 


and from their preſence alone, I think. it more than probable, 


that the colour of: the water, in the firft inſtance, aroſe in all. 
caſes. I have-ſpent a great deal. of time in obſerving them, 


and have made many experiments upon: their production; . but; 


2s I have not yet been. able to ſatisfy my own mind, with⸗ 
reſpect to the part they act in the operation of purifying the air: 
in water, I ſhall not add to the length of this letter by giving; 


an account of my enquiries: and obſervations reſpecting them. 
F was yet by no means ſatisfied with reſpect to the part 


of the air produced. 


Dr. PriESTLEY has long ſince — that many us 


and vegetable ſubſtances putrefying, or rather diflolving, in: 
water, in the ſun, cauſe the water to yield large quantities of 


dephlogiſticated air; but I could hardly concave, that the 
ſmall-quantity of filk which was uſed in my experiments, and: 
which had been conſtantly in water for more than three: 


months, and had ſo often been waſhed, and even boiled in- 


water, ſhould yet retain a power of communicating any thing 
to the large quantities of freſh water in which it was ſucceſs 


lively placed; at leaſt any thing in ſufficient quantities to impreg - 
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and! of nearly a round figure. That with the filk contained 


which the filk and other bodies, expoſed in water in the fore- 
going experiments, ated. in the purifying or dephlogiſticating: 


nate 
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: ..'F the air in the experiments with wool and fur, and human hair; 
eſpecially, as in ſome of theſe experiments · the water had nat 
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une thoſe bodies of water, and to cauſe then to * we pr 


abundance ef air which they produced. 
It. was ſtill. more. difficult to account OO WO Ts 
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ſenſibly changed colour, nor did it appear to have loſt any 
thing of its tranſpareney. It is true, in theſe caſes, the quan· 
tities of. ait produced were very ſmall; but yet · its quality Was 
better than that of common air, and conſiderably ſuperior to 
that of the air. exiſting in the water, p 2— to its being ex- 
poſed to the action of the ſums. light. An ſhort, it was dephlo- 
giſticated in the experiment; but the manner in which this 
was done is very difficult to aſcertain. 
With a view. to throwing ſome new light upon this 4ntricate 


"Experiment Ne ? 26. 


- Concluding: that if ſilk and-other bodies, uſed | in ts fore- 
going experiments, actually did not contribute any thing, con- 
ſidered as chymical ſubſtances, in the proceſs of the production 
of pure air. yielded by water; but if, on the contrary, they 
. ated merely as a mechanical aid in the ſeparation of the air 
from the water, by affordigg a convenient ſurface for the ait 
to attach itſelf to; in this caſe, any other body, having a 
large ſurface, and attracting air in water, might be made uſe of 
inſtead of : filk,an the experiment, and pure air would be 
furniſhed, though the body ſo made uſe of thould be totally 
incapable of communicating any thing whatever to the water. 
Io aſcertain this fact, waſhing the great globe (containing 
296 cubic inches). perfectly clean, and filling it with freſh 


ſpring water, I introduced. into it a quantity of the fine n 
1 threa 


hf oY 60 
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thread of glaſs, cortimonly called ſpun glaſs, ſuch as is uſed for 
making bruſhes for cleaning jewels, and for making a kind of 
aftificial feather frequently fold by the Jew pedlars. This 


hot, into an exceeding fine thread ; which thread, in conſe- 


has grown cold. 
I made choice of this ſubſtance not only on account of its 
great ſurface, but alſo on account of the ſtrong attraction which 


of its communicating any thing to the water. 
The reſult of the experiment was, that the globe being ex- 


proved with nitrous air, gave 14 11 1, 12, or 88; after 


time there were ſeveral very warm, fine, ſunſhiny days. 
| . This experiment ſhews evidently, that 'fomething more is 
wanting to the production of pure air by water, expoſed in the 
ſun, than merely a ſurface to which the air diſſolved in the 
water can attach itſelf, in order to its making 1 its efcape. 
The air furniſhed in this experiment was doubtleſs merely 


charged, and which would have made its eſcape from the 


free air of the atmoſphere. 


Vol. LXXVII. Q common 
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ſpun glaſs is no other than common glaſs drawn out, when 


| quence of its extreme fineneſs, retains its flexibility after it 


is known to ſubſiſt between glaſs and air, and the impoſlibility 


poſed in the fun, air-bubbles began almoſt immediately to make 
| their appearance upon the ſurface of the ſpun glaſs, and in 4 
| hours g of a cubic inch of air was collected, which, 


which, not a fingle air-bubble more was produced, though the 
globe was expoſed a whole week in the window, during which 


that with which the water iſſuing from the earth was over · 


water, had the water, inſtead of being expoſed with the ſpun 
glaſs in the fun, been ſimply left for ſome time expoſed to the 


It appears, that this air, naturally exiſting in ſpring water, 
inſtead of being dephlogiſticated, is ſomething worſe than 
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common air; and this agrees with the obſervations of Dr. 
Pa1zsTLEY, and ſeems to juſtify his opinion with reſpect to 
the cauſe of the fertility of lands waſhed by waters iſſuing from 
the earth. 
If the above experiment ſhews that ſomething i is wanted to 
be mixed with water, in order to. enable it to yield pure air, 
when expoſed to the action of the ſun's light, the following 


ſhew, that this ſomething, whatever it may be, is frequently te to 
be found in the water itſelf, in its natural ſtate. 


Experiment Ne 27. 


A large jar of clear white glaſs, containing 455 cubic inches, 
being waſhed very clean, was filled with freſh ſpring water, 
and inverted in a glaſs baſon of the ſame, and placed in the 
middle of the garden of the Elector's Palace, where it wWas 
left expoſed to the weather 28 days. 

At the ſame time another like jar was filled with water, 
taken from a pond in the garden, in which many aquatic 
plants were growing, and was expoſed in the ſame place, and 
during the ſame period. This water had a very faint greeniſh 
caſt, The pond from which it was taken is fed by a org river 
(the Ifar), which runs by the town. 
The ſecond day after theſe waters had been expoſed in the fon, 
1 obſerved, that a ſmall quantity of air had collected itſelf at 
the upper part of each of the jars. 
The third, fourth, and fifth days, the — water Win 
air in pretty large quantities; and ĩt went on to yield i it without 
intermiſſion, when the ſun ſhone upon it, till the fourteenth 
day, when it ſeemed to be nearly exhauſted. I continued the 


experiment, however, on the twenty- — day, though during 
the 


the ſun. Suſpecting that this circumſtance might have had 
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he laſt fortnight the quantity of air in the jar did not appear to 
be ſenſibly increaſed. 

The ſpring water, during the fitſt Vo or fix days, furnithed 
very little air; and it was not till the fourteenth day that it 
began to yield it in any conſiderable. quantities. From this 
time it went on to furniſh it, though but very flowly, till 
about the twenty-ſecond day, when it ceaſed, appearing to be 
quite exhauſted. 
O pon the twenty-cighth day I 558500 the airs from the j > Jars, 
when I found their quantities and qualities to be as follows: i 


Quantity. er. 
Air furniſhed by the ſpring water 14 cubic inches 14 , 22 = 1, 62, or 1 38 5 
by the pond water 315 — 134 3 = 1, 48, or 252 


Neither the colour of the ſpring water, nor that of the 


ad water, appeared to be ſenſibly changed ; but both the one 
and the other of theſe waters had depoſited a conſiderable quan- 
tity of earth, which was found adhering to the ſurfaces of the 


glaſs baſons in which the jars were inverted. 
As theſe baſons were rather deep, and as they were very 


thick in glaſs, and conſequently not very tranſparent, their 


bottoms, where the ſediment of the water was collected, were, 
in a great meaſure, obſcured or deprived of the direct rays of 


ſome effect, ſo as to have hindered the water from furniſhing ſo 
much air as otherwiſe it might have yielded, to ſatisfy myſelf 


reſpecting this matter I repeated the experiment, diſpoſing 


the apparatus in ſuch a manner, that the ſediment of the water, 
which attached itſelf to the bottom of the veſſel in which the 


Jar was inverted, had the advantage of being perfectly illu- 


minated. 
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inches in diameter, and 12 inches high, filled with ſpring 
water, I inverted a conical glaſs j Jar, 93 inches in diameter at 
the bottom, and containing 344 cubic inches, filled with the 
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Experiment Ne 28. 
In a large cylindrical jar, of very fine Fare ol. 10 


ſame water; and expoſed the whole 21 days, in a window 


fronting the ſouth. 


The quantity of air produced amounted to 49 cubic inches; 


and its 8 proved by the teſt of nitrous air, * 144 3 
21,8), or 212 


The water in > this experiment furniſhed very little air till the 


7 T's day ; but after that time, having aſſumed a faint greeniſh 


caſt, and a fine greeniſh ſlimy ſediment (the green matter of 


Dr. PrIESTLEY) beginning to be formed upon the bottom of 


the jar, it began to yield air in abundance, and continued to 


Furniſh it in pretty large quantities till about the eighteenth 
day. when it appeared to be exhauſted. 


Why the water ſhould turn green in this experiment, and 
not in the laſt, I know not; unleſs it was in conſequence of 
the large ſurface of water in the cylindrical j jar, which was ex- 
poſed to the air in this experiment; or in conſequence of the 


fun's ſhining directly upon the bottom of the veſſel where the 


ſediment was formed. 

In the former experiment the baſon in which the j Jar was 
inverted was but juſt big enough to admit the jar; and as the jar 
was cylindrical, the ſurface of the water expoſed to the atmo- 
ſphere, 1 in the baſon, was but very ſmall ; and the baſon being 
very thick, and formed of glafs which, though of the white 
kind, was of an inferior quality, and very imperfectly tranſpa- 
rent, as I have er obſerved, the bottom of the baſon, 
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where the ſediment was formed, was but * im perfectly 
illuminated. 

I intended to have repeated theſe experiments WY variations, 
and to have made ſeveral others which I had projected, and which 
thought might have thrown ſome further light upon this won- 
| derful proceſs of the production of the pure air yielded by water; 
but a feries of unfavourable weather putting a ſtop to my enqui- 
ries, and my time having been much taken up ſince with other 
avocations, I have hitherto been prevented from putting my de- 

| figns in execution; and the ſeaſon proper for theſe experiments 
is now fo far advanced, that I do not think it will be in my 
power to recommence them till the next year. In the mean 
time, to fulfil my promiſe to you, I ſend you this account of 
the progreſs I have already made in theſe reſearches; and, 
when I ſhall find leiſure to purſue the matter further, I ſhall 

| not fail to acquaint you with the reſult of my enquiries. 


1 have the honour to be, Kc. 


SINCE writing the above, an interval of fine weather, and 


2 moment of leiſure, have given me an opportunity of making 
a few more experiments, of which I have thought i it right to 
give you a ſhort account. 

And I muſt begin by acquainting you, that having never 
been thoroughly fatisfied with reſpect to the origin of the de- 
phlogiſticated air produced upon expoſing freſh vegetables in 
water to the action of the ſun's rays, according to the method 
of Dr. Ix Ex-Housz, my doubts, with reſpect to the opinion 
generally entertained of its being elaborated in the veſſels of the 

plant, 


to the action of the ſun's rays, cauſe a certain quantity of 


Water in which they are expoſed to the action of light to yield 


ſame functions i in ſuch different ſituations. 
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plant, inflead of being removed, were rather confirmed by the 
reſult of the experiments of which L have given an account i 
the foregoing letter; and however diſpoſed I was to adopt the 
beautiful theory of the purification of the atmoſphere by th, 
vegetable kingdom, I was not willing to admit a fact Which 
has been brought in ſupport of it, till it ſhould appear to me 
N to have been demonſtrated by the moſt deciſive experiments. 
That the freſh leaves of certain vegetables, expoſed in water 


pure air to be produced, 1 is a fact which has been put beyond 
all doubt; but it does not appear to me to be by any means ſo 
clearly proved, that this air is “ elaborated in the plant by the 
powers of vegetation z” * 4 phlogiſticated or fixed air being 
firſt abſorbed or imbibed We the plant as food, andthe dephlo- 
4e giſticated alr being rejected as an excrement :” for, beſides 
that many other ſubſtances, and in which no elaboration, ot 
circulation, can poſſibly be ſuſpected to take place, cauſe the 


dephlogiſticated air as well as plants, and even in much greater 
quantities, and of a more eminent quality, the circumſtances 
of the leaves of a vegetable, which, accuſtomed to grow in air, 
are ſeparated from i its ſtem, and confined in water, are ſo un- 
natural, that I cannot conceive, that they can i the 


Among many facts which have been brought 3 in * of 
the received opinion of the elaboration of the air in the veſſels 
of the plants in the experiments in queſtion, there is one upon 
which great ſtreſs has been laid, which, I think, — fur- 
ther examination. 

The freſh healthy leaves of vegetables, ſeparated from the 
plant, and expoſed in water to the action of the ſun's rays, 
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appear, by all the experiments which have hitherto been made, 
to furniſh air only for a ſbort time ; after a day or two, the 


conceived to ariſe from the powers of vegetation being de- 
firoyed ; or, in other words, the death of the plant; and from 
hence it has been inferred, with ſome degree of plauſibility, 
not only that the-leaves actually retained their vegetative powers 
for ſome time after they were ſeparated from their ſtock, but 


that the air, yielded in the experiment, was produced. 
But I have found, that though the leaves, expoſed ; in water 


terval, when they furniſh (or rather cauſe the water to furniſh) 
more and better air than at firſt, which can hardly be accounted 


of the plant. 
| Experiment No Z g. 
water and two peach leaves, was expoſed in the window to the 


being in general fine), when the following appearances took 
place. 


about as much as in former like experiments. The 3d-day very 


little was produced; and the 4th day none at all, the globe to all 
appearance being quite exhauſted. Continuing the experiment, 


however, upon the 5th day, the water having acquired a faint 
greeniſh hue, air was again produced pretty plentifully, making 


ts ap pearance upon the ſurface of the leaves in the form of air- 
bubbles, 
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3 changing colour, ceaſe to yield air: and this has been 


that it was in conſequence of the exertion of theſe powers, 


to the action of light, actually do ceaſe to furniſh air, after a 
certain time, yet that they regain this power after a ſhort in- 


for upon the ſuppoſition that the air is elaborated f in the veſſels. 


A globe, containing 46 cubic inches, filled with freſh ing: 


action of the ſun's rays, 10 days ſucceſhvely (the weather 


The 1ſt and 2d day, a certain quantity of air was produced, 


S Bey fanny” Tuouron's Experiments 2 
| bubbles, as at the beginning of the experiment; at the end of " 
= day the air was removed, and it was found to amount y, 


3 bis cable inch, its quality being 232 degrees, or 14 +3 
=1,68. 3 


t 
Upon the 7th day g of a cubic inch of air was produced of 4 
297 degrees, or 14+ 3n=1,03; and F 


During the 3th, th, and 1oth days, 12 cubic inch of 


air, of 307 degrees (or 1a+4n= 1,9 3), was furniſhed ; after 
which an end was put to the experiment. 


Total quantity of air produced 3:2; cubic inches; mean b 
quality 29 1 degrees, or 14+ 33 , og. 5 


F inding that leaves which were dead, or in which al the 
powers of vegetation were evidently deſtroyed, continued not. 
withſtanding to ſeparate air from water, and that in fo great 
abundance, I was defirous of ſeeing the effect of expoſing freſh 
healthy leaves in water which I knew to be previouſly ſaturated 
with, and diſpoſed to yield dephlogiſticated air. I conceived, / 
that if the plants expoſed | in water actually imbibed fixed or 
phlogiſticated air as food, and, after digeſting.it, © diſcharged 
« the dephlogiſticated air as. an excrement ;” in that caſe, as 
there is no inſtance of any plant, or animal, being able to 
nouriſh itſelf with its own excrement, the leaves expoſed in 
water ſaturated with dephlogiſticated air, inſtead of biking 
and elaborating 1 it, would immediately die. 

The experiments which I made to aſcertain this fact, ad 
which, without any comment, I fhall ſubmit to your conſi- 
deration, were as follows. 


— 


Experiment Ne 30. 


ag provided a quantity of water, which, by bag ex· 
poſed with a few green leaves in the ſun, had acquired a 
Bf cent caſt, and which I found was diſpoſed to yield dephlo- 
. 
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air in great abundance, I filled a globe, containing 
15 cubic inches, with this water, and puttin g to it two 
| healthy peach leaves, expoſed the globe in the ſun upon the 
7th of September, from 11 o'clock in the morning-till 2 o'clock 
in the afternoon (3 hours), when g of a cubic inch of air was 
| produced, which, proved with nitrous air, gave 14+ $1= 1,52, 
or 248 degrees. 
A like globe, with freſh ſpring water and two peach leaves, 
expoſed at the fame tinke, furniſhed only - of a cubic inch of 
air, which, on account of the ſmallneſs of its quantity, I did 
not ſubmit to the teſt of nitrous air. 


— 


Experiment No 31. 


as under mentioned. 


of very fine Iriſh linen. 


by 


or 14 ＋ 42 2 1,80. 


leaves, furniſhed 2 
Ne proved with nitrous air, gave 14 ＋ 2 = 149. 


| September 8. Wir fine clear 3 but rather cold for 
the ſeaſon. Three equal globes, A, B, and C, containing each 
46 cubic inches, were filled as follows, and expoſed in the ſun 
from 9 o'clock in the morning till half an hour paſt 4 in 
the afternoon, when they were found to have produced air 


The globe A, filled with water, which, by being previouſly 
expoſed in the ſun for ſeveral days, with potatoes cut in thin 
flices, had turned green, furniſned 35 of a cubic inch of air 
of 299 degrees, or 144 Zu =1,01. N. B. This water, before 
it was put into the globe, was ſtrained "_ two thickneſſes 


The globe B, filled with the ſame green potatoe water 
(ſtrained as before) to which were added four middling-fized | 
peach leaves, furniſhed 24 cubic inches of air of 320 degrees, 


The globe C, filled with freſh Toring water, with four peach 


of a cubic inch of air of 151 degrees, or 


„ „ GL, YES F I" 
— N I = . 


Vol. LXXVII. R 0 


1 * ® — ae CE. LL _ — —„—-ʒ4 k 
- = ©” A. — — 
* * 0 EO — a ; 
— R - my = 


ar m — * 


2 5 1 — 5 — 


be collected in the upper yu of the globe, the airs produced 


ſeparated from them. 


to be ſeparated from the water in ſo great abundance, I repeated 
the experiment, only, inſtead of leaves, I now made uſe of a 
ſmall quantity of conferva rivularis; when I had nearly the 


and when expoſed with raw filk; and alſo to aſcertain, at the 
ſame time, how long leaves, expoſed i in green water, retain 
their power of ſeparating air from at, 1 made, 
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To aſcertain the quantities and qualities of the airs remain. 
ing in the different waters uſed in this experiment, putting the 
globes ſeparately over a chafing-diſh of live coals, and making 
the water boil, taking care to hold the globe in ſuch an in 
clined poſition as that the air ſeparated from the water might 


were as follows. | 


a 3 Quantity. Quality. 

By the green water in the globe A, 1 of a cubic inch 280 degrees 
By the green water in the globe B, + — -. "gt 

By the ſpring water in the globe C, Sy = — 68 


The waters in theſe experiments were made to boil but for a 
moment; otherwiſe, it is probable, more air * have been 


Finding that freſh leaves, + to the Bien of the fan's $ 
rays, in water which had already turned green, cauſed pure air 


ſame reſult as with the leaves. 
Jo aſcertain the relative quantities and qualities of the airs 
yielded by the green water, when expoſed with freſh leaves, 


5 mr Experiment N*-32: 


Two equal globes, A and B (containing 46 cubic inches), 
the former (A) filled with green potatoe water, ſtrained through 
linen, and four peach leaves; the latter (B) filled with the 


ſame potatoe water, ſtrained in like manner, and 17 grains of 
| raw 


. um s * * | a men i a 
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raw filk, were expoſed from Sunday noon, — 19th, 
till Monday evening, the weather being cold, with many Vat 
clouds, in all about 6 or 7 hours ſun. 
The airs produced were as follows. 


4 


Quantity. Quality. 
By the globe A, with green water and 4 peach leaves 275 cubic inches 292 deg. 


By the globe B, with green water and 17 grs, of raw ilk 25 = = 307 


Another globe (C), filled with green water alone, was expoſed 
at the ſame time; but it was broken WA an accident before the 
experiment was completed. 


The two globes (A and B) with their contents, being again . 
expoſed from Tueſday noon till Thurſday evening, . air 
| as follows. | Hg 


Quantity, _ Quality. 
The globe A, with the bach leaves 4 cubic inches 344 degrees 
The globe B, with raw ſilk ͤðX ỹÜ1 _ 


N. B. The weather on Tueſday and Wedneſday was cold, 
with very little ſunſhine; but Thurſday was a very ſine warm 
day, when the greateſt part of the air was produced. This 

— air was removed and proved on Friday morning the 1 5th Sep- 

es, tember. 


the Perhaps all the appearances above deſcribed might be fatif- 
ain factorily accounted for, by ſu ppoſing the air produced i in the 

different experiments to have been generated in the maſs of 

water by the green matter ; and that the leayes, the filk, &c. 
), did no more than 4% t it in making its eſcape, by affording it a 
ry convenient ſurface to which it could attach itſelf, in order to. 
A ws colleQing itſelf together, and taking upon itſelf its elaſtic 
of * 
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"The phznomena might likewiſe be accounted for by ſup⸗ 
Pn the green matter to be a vegetable ſubſtance, agreeable to | 
the bypotheſis of Dr. ParesTLEY, and that attaching itſelf to 
the ſurfaces of the bodies expoſed 1 in the water, as a plant is 
attached to its ſoil, it grows; and, in conſequence of the 
exertion of its vegetative powers, the air yielded in the experi- 
ment is produced. 
I ſhould moſt Nenne have adopted this opinion, had not a 
* careful and attentive examination of the green water, 
under a moſt excellent microſcope, at the time when it ap- 
peared to be moſt diſpoſed to yield pure air in abundance, con- 
vinced me, that, at that period, it contains nothing that can 
poſſibly be ſuppoſed to be of a vegetable nature. The colonr- 
ing matter of the water is evidently. of an animal nature, 
ban nothing more than the aſſemblage of an infinite number 
of very ſmall, active, oval - formed animalcules, without any 
thing reſembling zremella, or that kind of green matter, or 
water moſs, which forms 'upon the bottom and fides. of the 
veſſel when this water is ſuffered to remain in it for a conſi- 
derable time, and into which Dr. IxEN-Housz ſuppoſes the 
animalcules above-mentioned to be actually transformed. 
But having finiſhed the account of my experiments, I ſhall 
WT finiſh my letter, not daring to venture conjectures upon a ſub- 
1 F : jet ſo intricate in itſelf, and which is yet ſo new, and upon 
1 vhich the ableſt philoſophers of the age. ſeem to be fo much 
divided i in opinion. 
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XVI. An Account of the Diſcovery of Two Satellites revolving 
round the Georgian Planet. By William Herſchel, LL D. 
F. R. S. | | 


Read Feb. 15, 1787. 


THE great diſtance of the Georgian planet, and its pre- 
ſent ſituation in a part of the zodiac which is ſcattered 
over wi a multitude of ſmall ſtars, has rendered it uncom- 
monly difficult to determine whether, like Jupiter and Saturn, 
it be attended by ſatellites. In purſuit of this inquiry, having 
frequently directed large teleſcopes to this remote planet, and 
finding myſelf continually diſappointed, I aſcribed my failure 
to the want of ſufficient light in the inſtruments I uſed ; and, 
for a while, gave over the attempt. | 

In the beginning of laſt month, however, 18. often ſur- 
priſed when I reviewed nebulæ that had been ſeen in former 
ſweeps, to find how much brighter they appeared, and with 
| how much greater facility I ſaw them. The cauſe of it could 

be no other than the quantity of light that was gained by lay- 
ing aſide the ſmall ſpeculum, and introducing the Front- view; 
an account of which has been inſerted, by way of note, to 
the Catalogue of Nebulæ contained in the. Philoſophical 
Tranſactions, vol. LXXVI. p. 499. 
It would not have been pardonable to ** ſuch an advan- 
tage, when there was a particular object in view, where an 
acceſſion of light was of the utmoſt conſequence; and 1 won= 
dered | 
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1 did not forget to follow another ſmall "ns which I was 
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dered why i it had not ſtruck me ſooner. The 1 ich of January, 


therefore, in the courſe of my general review of the E 


I ſelecded a feveep. which led to the Georgian planet; and, while 


1 paſſed the meridian, I perceived near its diſk, and within a 


few of its diameters, fome very faint ſtars whoſe places 1 
noted down with great care. 


The next day, when the planet returned to the meridian, 1 


looked with a moſt ſcrutinizing eye for my ſmall ſtars, and 


perceived that two of them were miſſing. Had I been leſs 
acquainted with optical deceptions, I ſhould immediately have 
_ announced the exiſtence of one or more ſatellites to our new 
planet; but it was neceflary that I ſhould have no doubts. 


The leaſt hazineſs, otherwiſe imperceptible, may often ob- 


| feure ſmall ſtars; and J judged, therefore, that nothing lefs 
than a ſeries of obſervations ought to ſatisfy me, in a caſe of 
cis importance. To this end I noticed all the ſmall ſtars that 
were near the planet the 14th, 15th, 18th, and 24th of Ja- 
_ © nuary, and the 4th and 5th of February; and though, at the 
end of this time, I had no longer any doubt of the exiſtence of 
It leaſt one ſatellite, I thought it right to defer this communi- | 
cation till I could have an opportunity of ſeeing: it actually in 
motion, Accordingly I began to purſue this fatellite on Feb. 
tte 7th, about ſix o'clock in the evening, and Eept it in view 
till three in the morning on Feb. the 8th ; at which time, 
on account of the ſituation of my houſe, which intercepts a view 


of part of the ecliptic, I was obhged to give over the chace : and 


during thoſe nine haurs I faw this fatellite faithfully attend its 
primary planet, and at the fame time keep on, in its own 


courſe, by deſcribing a conſiderable arch of its proper orbit. 
While I was chiefly attending to the motion of this ſatellite, 
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; well affured was alſo a fatellite, eſpecially as I had, on 
the en of the 14th of January, obſerved two ſmall ſtars 


which were wanting the 17th, and again mifled other two the 
24th which had been noticed the 18th ; but, whether owing 


to my great attention to the former ſatellite, or to the cloſeneſs 
of this latter, which was nearly hidden in the rays of the planet, 
could not be well aſſured of its motion. Indeed, towards 
morning, when a change of place, in ſo conſiderable an in- 
terval as nine hours, would have been moſt conſpicuous, the 
moon interfered with the faint light of this ln, ſo that 1 


could no longer perceive it. 


The firſt moment that offered for continuing theſe obſerva- 5 


tions was on February the gth, when I ſaw my firſt diſco- 
| vered ſatellite nearly in the place where I expected to find it. 
I perceived alſo, that the next ſuppoſed ſatellite was not in the 


ſituation where I had left it on the 7th, and could now diſtin- 
guiſh very plainly that it had advanced in its orbit, fince that 
day, in the fame direction with the other ſatellite, but at a 


quicker rate. Hence it is evident, that it moves in a more con- 
trated orbit; and I ſhall therefore call it in future the firſt. 


ſatellite, though laſt diſcovered, or rather laſt aſcertained ; fince 


I do not doubt but that I ſaw them both, for the firſt time, on 
the ſame day, which was January the 11th, 178). 

I now directed all my attention to the firſt ſatellite, and had 
an opportunity to ſee it for about three hours. and a quarter; 
during which time, as far as one might judge, it preſerved its 
courſe. The interval which the cloudy weather had aftorded 
was, however, rather too ſhort for ſeeing its motion ſuffi- 
cently, ſo that I deferred a, final judgment till the 10th ; 
and, in order to put my theory of theſe two ſatellites to a 


trial, I made a Ros on paper, to point out before-band their 
ſituation. 


- The Lang expotied on evening came on, nk 4, norwithtadi 
; ihe moſt unfavourable appearance of dark weather, it cleared. 
up at laſt. And the heavens now diſplayed the original of my 
drawing, by ſhewing, in the ſituation I had delineated them, 
The Georgian Planet attended by two Satellites. 

J confeſs that this ſcene appeared to me with additional 
beauty, as the little ſecondary planets ſeemed to give a dignity: | 
to the primary one, which raiſes it into a more conſpicuous 
| fituation among the-great bodies of our ſolar ſyſtem. 

For upwards of five hours I faw them-go on together, each 
purſuing its own track; and I left them ſituated, about two 
o'clock in the morning on February the 11th, as they are 
repreſented in the figure, Tab. VII. The letters 8, N, 
P, F, denote the ſouth, north, preceding, and following parts 
of the heavens, as they are ſeen, by the front-view, in my tele- 
ſcope. The ſouth preceding ſatellite is the ſecond, or that 
. whoſe motion was firſt. aſcertained; the other is that which 
moves in a ſmaller orbit, or what I have called the firſt ſatel- 
lite; and the direction of their motion is according to the ordet 

P, 8, F, N, of the letters. 55 | 
| T have not ſeen them long enough to aſſign their niet] 
times with great accuracy: ; but ſuppoſe that the firſt performs 
a ſynodical revolution in about eight days and three-quarters, 
and the ſecond in nearly thirteen days and an half. | 

Their orbits make a conſiderable angle with the ecliptic ; but 
to aſſign the real quantity of this inclination, with many 
other particulars, will require a great deal of attention, and 
much contrivance: for, as eſtimations by the eye cannot but be 


extremely fallacious, I do not expect to give a good account of 
their 
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wer 3 till 1 can bring ſome of my micrometers to bear F 
; them; which, theſe laſt nights, I have in vain attempted, 
their light being ſo feeble as not to ſuffer the leaſt illumina- 
tion, and that of the planet not being ſtrong enough to render 
the ſmall filk-worm's threads of my delicate micrometers viſi- 
ble. I have, nevertheleſs, ſeveral reſources in view, and do 
not deſpair of ſucceeding pretty well in the end. | 


W. HERSCHEL. 


Slough, near Windſor, LE 
February 11, 1787, 
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F$ 1. 
curious to contemplate than thoſe related by Mr. 
"Avvo, in his Letter to the Preſident of this Society. That 


account contains facts of ſuch conſequence, and ſo perfectly 
inexplicable by the principles of electricity which are com- 
monly received, that it 1 deſerves particular atten- 
tion. | 
2M appears, that a man (named © 6s James Lavpzs' 0) firing 


on the fore-part of a cart drawn by two horſes, was ſuddenly 


ſtruck dead, as alſo the horfes that he was driving, and that 
the cart itſelf was much injured by electrical fire, although no 
lightning fell at, or near, the 8 where this accident hap- 
- gonad.” ix 
& 2. Before! attempt to account, by the laws of electricity 

for this remarkable phænomenon, it may not be improper juſt 


to take notice, that few facts of this kind have ever been 


better authenticated than this is. 


It appears, firſt, that a man, who was fitting upon the fore- 


part of another cart, only twenty-four yards behind the cart 


that was ſtruck, © had LAupER, his cart and horſes, full in 
« view when they fell; he was ſtunned by a loud report, and 


* ſaw his companion, his horſes and rn fall to the ground; 
| 66 he 


xn. A on db. Sud. nt, of 0 wk | 
_ Thunder form in Scotland. By the Right Ecnourable Charles 


O ſtorm of lightning has ever produced effects more 
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« he — ran to his affiſtance, bit found hin _ 
4 dead; he perceived” (at the time of the ceckdent) « * no flaſh 
« or appearance of fire. 

It alſo appears, that — man, a ſhepherd of St. Cuth- | 
bert s farm, was alſo a witneſs of this event. He was diſtant 
from LAUDER . between two and three hundred yards, and was 
« looking at the two carts, when he was ſtunned by a loud 
« report, and at the ſame inſtant ſaw the firſt of the carts fall 
« to the ground, He ſaw no OO nor 3 of fire 
60 whatever. 8 N 

The concurrent teſtimony of theſe two men is confirmed 

by PATRICE BRYDOxR, Eſq. who lives © at a ſmall diſtance” 
from the ſpot where Lauper was killed: and Mr. BxT DON E 
relates, that a ſtorm appeared far off; and that he, and ſome 
company in his houſe, were ſuddenly alarmed by a loud 
6 report. for which they were not prepared by any preceding 
« flaſh.” There is the greater weight to be given to this 
account of Mr. BxYDONE, as it ſo happened, that he was Juſt 
then <5 obſerving the progreſs of the ſtorm, at an open win- 
« dow, in the ſecond ſtory of his houſe,” and making the 
company . obſerve, by a ſtop-watch, the time that the ſound 
took to reach them.“ 
It is extremely fortunate, that a gentleman, fond of philo- 
ſophical enquiries, ſhould have been upon the ſpot at the time 
of this accident, | to give to. the world ſo clear and e 
3 an account. 

$ 3- That the death 1 Laupzz and of the horſes was nor 
occaſioned by any direct main firoke of exploſion from a thunder- 
cloud, either poſitively or negatively electrified, is evident; 
lince no 2 did paſs from the clouds to the 
8 2 earth 


nore 


* 
1 no 


. 


- - earth. 10 from the earth to the clouds) at the place where they 
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were Tilled. 


8 4. It i is equally evident (and for the very fate reaſon) that 
they were not deprived of life by any es ngttig main n firoke f 


exploſion, either poſitive or negative. 


8 F. It is alſo obvious, that the lateral exploſion was not the 
cauſe of this miſchief; for the /ateral * exploſion does always 


= proceed immediately from the main ſtroke itſelf; and therefore 


there can exiſt no lateral explo Non, f in the caſe when there ĩs no 


main ſtroke whatever. 


& 6. It might, perhaps, be fopprſha; that Liepen and the 


i horſes were ſuddenly ſuffocated by the ſulphureous ſmell 


that often accompanies electricity. 


But though the death of the man and of the horfes might 


(by ſome) be attributed to this cauſe, the ſulphureous {ſmell 
will no wife account for © many pieces of the coal having been 


„ thrown out, to a confiderable diſtance, all round the cart ;” 


and for the ſplinters” (from the wood-work of the cart) 


4 BryDont' s account, to have been the caſe. 


57 


that were ** thrown off in many places,” as appears, by Mr. 


F 7. Some perſons may imagine that Lauper and the 


| horſes might have been killed, and that the other effects above- 
mentioned might be accounted for, by ſome ſudden and very 


violent commotion in the air, which commotion the thunder 


might be ſuppoſed to produce, though unaccompanied with 


any flaſh. at that place; in a manner, in ſome ſmall degree, 


ſimilar to the fatal wounds that ſometimes have been known | 
to have been given by the air having been ſuddenly diſplaced 


* See Dr. PzizsTLEY's excellent Paper in the ſixtieth volume of the Philo- 


1 et 


_ fophical Tranſactions, Page 192 et ſeq. See alſo my Principles of Electricity, 


_ 567 
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* 4 cannon ball, in its paſſage through that mah pherical = 
fluid, though the cannon ball 'itfelf had evidently neither : 
aruck the perſon wounded, nor even grazed his cloaths. 

The © duſt that roſe at the place” might be brought as as an 
| additional argument in favour of the opinion, that a ſudden 
and violent com motion of the air did occaſion the effects pro- 
duced. * | 
But ſuch an explanation (vague as it is) would not account 
for the marks of fuſion” on the iron of the wheels ; nor 
for the hair of the horſes having been finged;” nor for 

« the ſkin of LAupEk's body having been burnt” in many” 
places. 

$8. I think, from the different Senne of this caſe, 
that it is clear to demonſtration, that the effects produced pro- 
ceeded from electricity; and that no electrical fire did paſs im- ; 
mediately either from the clouds into the cart, &c. or from 
the cart, &c. into the clouds. 
From * the circular holes” ir the ground (« of dai 
twenty inches in diameter“) the reſpective 6+ centers of 
which were exactly in the track of each wheel,” and the 
correſponding . marks of fuſionꝰ on the iron of the wheels, 
which marks © anſwered exactly to the center of each of the 

« holes ;” it is evident, that the electrical fire did paſs (from 
the earth to the cart, or from the cart to the earth) through 
that part of the iron of the wheels which was in contact with 
the ground. 
From the ſplinters that had been. thrown' off, in many 
places, particularly where the timber of the cart was con- 
* nefted by nails or cramps of iron, and from the various 
other effects mentioned in Mr. BRV DONE's Paper, it is moreover 


endent, that there was a violent motion of the electrical fluid in 


— —— 
» = 


_—s 4 of (at leaſt) in different parts, of the cart, and of the by 
bes of the man and horſes, althaugh there were no lightning, 


uncommon as they certainly are in this country, they ar, 
- nevertheleſs, eaſy to be explained by means of that particuly 


ſpecies of electrical ſhock, which I have diſtinguiſhed in my 
| Principles * of Electricity (publiſhed in 1779) by the appella 
5 tion of the electrical returning firoke :” and although at the 
_ time I wrote that Treatiſe, I had it not in my power to pt 
duce any inftance of perſons or animals having been killed in 


Paper; I did, however (from my experiments mentioned in 
that Book), venture to aſſert, with confidence, that +, if 


of a cloud, they may (under circumſtances ſimilar to thok 
ebnen in that Treatiſe) receive a very ſtrong ſhock, be 


„ are, or It 2 very conſiderable diſtance from that place, or 


e tween the perſon fo circuraſtanced, and the place where the 


| 4 two miles, or three miles, or more, the truth of the ge 
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9 9. Wonderful as theſe combined facts may 


appear, and 


the very peculiar manner fince related in Mr. BRV DON 


„ perſons be ſtrongly ſuperinduced by the electrical atmoſphere 


e knocked down, or be even killed, at the inſtant that the 
cloud diſcharges, with an exploſion, its electricity, whether 
4 the lightning falls near the very place where thoſe perfons 


« whether the cloud be poſitively or negatively electrified. 
And I moreover ſtated that}, „whether the diſtance be- 


„lightning falls, be fifty or an hundred yards, or one mile, or 


* See Principles of Electricity, containing divers new Theorems and Experi- 
ments, together with an Analyfis of the ſuperior Advantages of high and pointed 
Conductors; by Cuanies Wont Manon, F. R. S. from $ 202, to . 
ineluſtrely. —— 
+ See Principles of Electricity, q 311 1. 
T See Principles of Electricity, 9313. 
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„ nee propoſition. Were 12 down would not bay wit 
« affected.” 2 


fon, which happens in one place, may cauſe in a ſecond 
« place (at a very conſiderable diſtance from the firſt place) 
Y « a ſudden returning ſtroke, which may knock down; or even 


« where the lightning falls, and the ſecond place (juſt men- 


« ſhall receive no detriment whatever.” 
9 10. Having, in my Principles of Electricity +, explained at 


ether 


ro apply the general laws, which I have (therein) laid down, to- 
e, or 


3 


the particular phenomena related by Mr. BA ypoxs. 
But, before I ſpeak of the accident of LAvpRA, which ap- 
pears to me to have been occaſioned by a returning firok-, pro- 


upon one or two other facts, mentioned in Mr. B&YDONE'S 
oo if account, 


© ing to the farm of Lennel-Hill was in a neighbouring field, 
< when he obſerved a lamb (only a few yards from him) drop 
„down, although the lightning and claps of thunder were, 


* See Principles of Electricity, & 314. 
See Principles of Electricity, from & 202 to & 347, incluſively.. 
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I have alſo explained, in that Treaiſe how a ill more 
fogular effect might be produced, namely, how * «© an ex plo- ; 


« kill, perſons and animals at that ſecond place; ar the ſame 
« time that other perſons, or other animals, ſituated in a third 
« place, that is even immediately between the firſt place- 
« tioned) where the ſhock of the returning ſtroke _— | 
large the nature df the returning firoke, I will not treſpaſs upon 
the time of this Society, by repeating the account of any ot 


the various experiments that I made, to prove the poſſible 
exiſtence of ſuch an electrical ſtroke ; but I will, at once, 


ceeding from an aſſemblage of clouds, I will ſay a few words 


C11. Mr. BRVYDONR 1 us, hs 66 the 8 belong- 


-A | 4 then, 
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Principles of electricity, and partic 
ſection 328, that it is quite ie 


that by which this lamb was deſtroyed (namely, a returning 


\ ſmall degree, the electrical returning ſtroke at the ſame 
4 time' that the lamb dropped down. 
& 12. Mr.- BRYDONE further relates, that a woman 


knocked down or killed by the returning ſtroke, the 3 
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66 then, at a great diſtance from him... He ran up immediate, 


but found the lamb quite dead; nor did he perceive the le} 
A convulſive motion, or ſytaptom of life remaining, altho 
the moment before, it appeared to be in perfect health.“ 


This effect is ſo preciſely ſimilar to thoſe explained in my 
la fly to that mentioned in 


y to enlarge upon it. 
will only obſerve, that ſuch an electrical returning firoke à 


ſtroke, which happens at a place where there is neither light. 
ning nor thunder near) belongs to the moſt ſimple claſs of 


returning ſtrokes ; and that it may be produced by the ſudden 


removal of the elaſtic electrical preſſure of the electrical atmo- 


ſphere of a fingle * main cloud, as well as by that of an gen- 
blage + of clouds. 15 


It appears by Mr. Baypone' s account, that the ſhepherd, 
who faw the lamb fall, was near enough to it to feel, in: 


ec making hay near the banks of the river fell ſuddenly to 
« the ground; and called out to her companions, that ſhe had 

« received a violent blow on the foot, and could nut imagine 
from whence it came.” | 
This blow was, n the elrcrrical returning 


role. 
When a perſon, ** or 1 out of. doors, i 


fire muſt ruſh in, or ruſh out, as the caſe may be, through that 


# See Principles of Electricity, $ 312. 
1 See, in my Principles of Electricity, the end of the note to 8312. 


perſon $ 


66 


- Aecoms of e The form in S. Seathand. 2 my 
s 11 et *, and through them only; which ous not be 
_ were the perſon to be knocked down or killed by any 
main ſtroke of exploſion, either poſitive « or negative. | 
- Theſe things are evident. But the manner in which Lau- 
— and the two horſes were killed is not quite ſo evident, 
though it appears to me to be very eaſily accounted for. 
Iwill now ſtate, in what manner I conceive that the clouds 
may have been placed, when the effects mentioned in Mr. 
BxyDoNE's Paper were produced. 
$ 13. I muſt premiſe that, by that account, it appears, that | 
the cloud was n. miles in length; inaſmuch, as juſt before 
the © loud report, the lightning was at a very « great dif- 
« tance:” for Mr. BxyDoNE © obſerved, by a ſtop-watch, that 
the time that the ſound took to reach ham was generally from 
| 6 25 to. 30 ſeconds.” | | 
Mr. BayDoNE relates, that the & loud report reſembled the = 
66 firing of ſeveral  muſkets, ſo cloſe together, that the ear 
« could hardly ſeparate the ſounds, and was followed by no 
«4 rumbling noiſe like the other claps.” 5 
This deſcription indicates, that the electrical exploſion was 
not far diſtant; and alſo ſhews, that it was not extremely 
near: for, if the exploſion had been extremely near, the ear 
could not at all have ſeparated the ſounds. 
$ 14. Now let us ſuppoſe a cloud, eight, ten, or twelve 
miles in length (be the ſame more or leſs) to be extended over 
the ſurface of the earth, in the ſituation repreſented by ABC 
in the figure. (See Tab. VIIL) 
And let another cloud (as repreſented by DEF) be ſituated 
between the above- mentioned cloud and the earth. 


* See Principles of Electricity, from 5 322. to $ 325. inc lufively. 
VoL. LXXVII. T Let 


Was. 
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Let the two clouds be ſuppoſed to be charged (for inſtangy 
EY with the ſame kind of electricity, and to be both poſitive. 
Let us further ſuppoſe, that the lower cloud DEF be near 

the earth, only a little beyond the ftriking diſtance ; and let: 
man, cart and horfes, be fituated at L, under that part (£) of 
the cloud which is the neareſt to the earth. 

Now, let us ſuppoſe this cart to be afcending an hill, and 
to be in the ſituation deſcribed by Mr. Bxypoxe, namely, 
to have © almoſt gained the higheſt part of the aſcent,” and to 
a be followed by another cart“ (M) lower down the hill. 
Let vs ſuppoſe al ſo, that the two clouds DEF and ABC he 
near each other, perpendicularly over the _ where the cart 
L was fitvate (as at DA). 

And let the remote end C, of the upper cloud ABC, ap- 
; proach | the earth, within the ſtriking diſtance, and ſuddenly 
diſcharge | its electricity into the earth at G. 5 

Hrs. Things being fituated as above deſcribed, ket us ers- 
mine what conſequences muſt follow. 

Firſt, when the upper cloud ABC diſcharges its ** 

into the earth at G, the lower cloud DEF muſt immediately 
diſcharge its electricity into the upper cloud at the * DA, 
which i is directly or nearly over the cart L. 

This accounts for the * loud report' of thunder that was 
unaccompanied by lightning at L or at M. The report 
muſt be loud, from its being near; but no lightning could 
be perceived at L or M, by reaſon of the thick thunder cloud 
DEF being ſituated immediately between the ſpectator at M 
and DA, the place between the two clouds where the lightning 


8 16. en as the lower cloud DEF did — ap- 
proach towards the earth at L, ſo as to come finally into the 
ſituation 


—— 454 


ee of a Thender form in Scotland. * 139 

broation 1 in the figure; the earth at L muſt, of 
courſe, become ſuperinduced by the elaſtic electrical preſſure of 
the electrical atmoſphere of the thunder-cloud ; which ſuper- 
induced elaſtic electrical preſſure muſt gradually have increaſed 
as the cloud came cloſer to the earth, and approached nearer 
to the limit of the ſtriking diſtance. 
8 17. Conſequently, if any conducting body (not having 
| any prominent conducting points) were to be placed at L, 
upon the ſurface of the earth, and to be there electrically in- 
ſalated; then ſuch conducting body, by the laws of electri- 
city, muſt, at its upper extremity (namely, the part neareſt to 
the pgſtive cloud) become negative; at its lower extremity, it 
muſt become poſitive; and, at a certain intermediate * it 
will be neither plus nor minus. 

So that this inſulated conducting body, thus ſituated, will 
be in three oppoſite ſtates at one and the ſame time; that is 
to ſay, that it will be, at the ſame inſtant, poſitively electrified, 
negatively electrified, and not electrified at all. 
This propoſition I have rigorouſly demonſtrated in ay 
Treatiſe * on Electricity. 
918. But if this conducting body, on the ſurface of the 
earth, be not inſulated +, or be but imperfectly inſulated, then 
the 2whole of ſuch body (from its being immerged in the elec- 
trical atmoſphere of the poſitive cloud) will become negative: 
becauſe part of the electricity of this conducting body will, 
in this caſe, paſs into the earth. And this conducting body 
will become the more negative, as it becomes the more deeply 
immerged into the denſe part of the elaſtic electrical atmo- 
ſphere of the approaching thunder-cloud. 


* See Principles of Electricity, from 8 p 5 to 8 74, ineluſively. 
+ See Principles of Electricity, Q 182 — 183. | 


* * "Earl eee 8 — on Mr. — = 
8 1 60 Now, when the poſitive cloud DEF (in the manner 


above ſtated) comes ſuddenly to diſcharge, with an exploſion, 


the elaſtic electrical atmoſphere of the cloud DEF will ceaf 
to exiſt ; conſequently, the electrical fluid, which had been 


ing body ſituated (at L) upon the ſurface of the earth, mufi 


(by the ſudden removal of the ſuperinduced elaſtic electrical 


preſſure of the electrical atmoſphere of the thunder · cloud) 
ſuddenly return from the earth into the ſaid conducting body, 


of a Leyden jar in its ſenſation aud effects. 
Tubus is what I call the electrical returning + frote. 


$ 20. It was by ſuch a returning ſtroke that Lavper and 


the horſes that he was driving were killed, they having be- 
come ſtrongly negative 7 previous to the exploſion. 


x therefore, could not iſſue into his body through his legs; and 
this accounts for the . ſkin of his legs“ not having been at all 


« burnt or ſhrivelled,” as the ſkin was on many other parts: of 
his body. And it likewiſe ſhews the reaſon, why the © zig- 
« zag line” on LAupza's ſkin (which was terminated at one 


end by the chin) © did not extend lower than the thigh. * 


* See Principles of EleQricity, 6 304 wi 603. 
| + See Principles of Electricity, from 8 202 to 8 208, inclufively, and f 387. 
2 Note, I have here ſuppoſed the thunder-cloud (and of courſe its electrical 
atmoſphere) to have been paſtive; but ſimilar effefts would have been produced if 
the thunder - cloud had been negative ; only, in that caſe, Lavpez and the horſes 
would have been ſtrongly poſitive, previous to the exploſion, 


its ſuperabundant electricity into the other cloud ABC, then 


gradually expelled into the common ſtock, from the conduct. 


producing a violent * commotion, ſimilar to the pungent ſhodk 


LAUER was ( fitting” when he was ftruck dead; and his 


legs appear to have been © hanging over the fore-part of the 
cart, at the time of the explofion.” The returning ftroke, 


621. Mr. Bzypons mentions that ** the hair 4 * horſes 
« was much ſinged over the greateſt part of their bodies; but 
4 was moſt perceptible on the belly and legs.” This effect is 
' ally accounted for by the returning ſtroke ; for the lower 
| part * of the bodies of thoſe animals muſt of courſe have 
been more ſtrongly affected than any other part, as the electri- 
cal fire from the earth muſt ſuddenly have ruſhed into their 
bodies through their legs. which had made a deep impreſſion 
s jn the duſt.” os 
$ 22. The various effects es on the cart may be ex- 

plained, with equal facility, by means of the returuing ſtroke ; 
| and I have ſtated, in my Principles + of Electricity, · not 
only in what manner perſons and animals may be deſtroyed, 
« but how” inanimate bodies, ſuch as . particular parts of build- 
e ings, may be conſiderably damaged by an electrical returning 
« ſtroke, namely, all thoſe parts where there is, in any kind 
« of conducting ſubſtance or ſubſtances (upon which a ſtrong 
« elaſtic electrical preſſure i 18 ſuperinduced), any kind of elec- 
* trical interruption, acroſs which the returning electrical fire 
« might ſuddenly ſtrike, and might thereby rend and deſtroy 
all the bodies that it might meet with in its paſſage.” 
Mr. BxyDoNE relates, that © ſplinters had been thrown off 
in many places, particularly where the timber of the cart was 
connected by nails or cramps of iron.” The electrical inter- 
ruption between theſe pieces of metal, acroſs which 1 interrup- 
tion the returning electrical fire did ſuddenly ſtrike, accounts- 
for its rending the bodies that it met with in its paſſage. 


See, in my Principles of Electricity, the note to $ 594, where fomembat: 
of a ſimilar effect is mentioned. 


7 dee Principles of Electricity, 8 3335 8 334, and 8 347» 
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"ab produced the © marks of fuſion” on that part of the ira, 
of the wheels which was in contact with the ground; ina. 


ploſion, returned into the cart, did enter at thoſe places. 


- tricity, can heſitate to aſſent to the propoſition, that the ele&r;. 


thoſe explained above. 
although all the aforeſaid effects of a returning ſtroke might 
take place in a ſmall degree, yet thoſe effects could not have 
deen ſufficiently powerful to have killed Lavpes, the 


fluid that is contained in the body of a man, of a lamb, or ofa 
horſe; or that is contained in any body of the fize of a com- 
mon cart; that is to ſay, conſidering the ſmall quantity of ¶ co 


electrical fluid that could, by mY Ane, have Produced ele 
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that are not proved: therefore, no perſon can legitimately 
conclude, that the force of a returning ſtroke muſt always. be di 
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| Pail STAnnore 8 Reniarks on Mr. Narben 8 
2 is alſo evident, that it was the electrical returning fire, 


much as the whole electricity, that, at the inſtant of the er. 


$ 23. No perſon, the leaſt verſed in the principles of lee. 


cal returning Arobe muſt exift, under circumſtances ſimilar to 
But it may be objected to me, that 


horſes, and the lamb, or to have melted the iron of the cart. 
wheels ; eſpecially, conſidering the ſmall quantity of electrical 


the returning firoke. .: 
To this objection (plaufible as at firſt fi ght it may appear) fat 


conceive, I have given a complete anſwer in my Principles of tri 
EleQricity, from ſection 337 to ſection 347. incluſively; and 
alſo from ſection 592 to ſection 606, incluſively; but it may 


not be improper to add a few words to what I have already 


an 
ſaid upon that part of the „ be 


F 24. No legitimate concluſion can be drawn fond premiſes 


weak, when produced by the diſturbed electrical fluid of 2 ¶ ot 
man's body, by reaſon that a man's body contains but a ſmall I ſo 
quantity of electricity: for, it has never been proved, that 4 

man's 


2 of a | Thunder i ors 5 in — 143 


man's WF does contain only a ſmall quantity of electrical 
guid; neither is there the ſmalleſt reaſon to believe ſuch an hy- 
potheſis, which appears, on many accounts, to be completely 
erroneous. And, if that hypotheſis be erroneous, the objec- 
tion to the ſtrength of an electrical returning ſtroke remains 
perfectly unſupported by argument. 

When a body is ſaid- to be þ/us or pofitive, it ſimply means, 
that the body contains more electricity than it does in its un- 
electrified, that is to ſay, natural ſtate ; but does not fignify, 
that ſuch body is completely ſaturated * with electricity. In 
like manner, when a body is ſaid to be minus or negative, it 
only ſignifies, that the body contains /efs than its natural ſhare 
of electricity; but does not imply, that ſuch body i 1 completely 
exhauſied of the electricity which it contains in its natural 
ſtate. | 
Now, the ſtrength of natural electricity is ſo 00 when 5 
compared to the very weak effects of our largeſt and beſt contrived | 
electrical machines, that I conceive, that we cannot, by means 
of artificial electricity, expel, from a man's body, the thous 
ſandth (or perhaps even the ten thouſandth) part of the elec- 
trical fluid which it contains, when in its natural ſtate. 

9 25. That hypotheſis, by which natural phænomena are 
eaſily accounted for, has a better claim to our attention than 
an oppoſite hypotheſis, which prevents thoſe phznomena from 
being intelligibly explained. | 
There is no reaſon whatever for concluding, that any elec- 
trical machine of any given ſize 1s capable of rendering a con- 
ducting body either completely plus, or completely minus; but fat | 
otherwiſe. And it would have been as logical, for any perſon, 
ſome years ago (when electrical machines were not brought to 


* See Principles of Electricity, & 342. = 
3 the 


and by means of another metallie body of equal dimenſions, 


had 4M 
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their preſent ſtate), to have maintained, that thoſe very imper | 
fe& machines were capable of rendering a conducting body 
completely poſitive, or completely negative, as for us, in the yen 
1787, to conclude, that we (by our ſtill imperfect machines) 
have attained the limit of electrical exhauſtion, or condenſation. 
We evidently have not, with our machines, even approached 
the limit of electrical ſtrength, particularly. in reſpect to the 
returning firoks: for it is remarkable, that (by the laws of 

| electricity *) the ſtrength of the electrical returning Hole, 
near the limit of the ſtriking diſtance, does increaſe in 2 

* greater ratio,“ than the ſtrength of the main ſtroke from 
the charged body, producing the elaſtic electrical atmoſphere 
ſuperinduced. 
'& 26. For example, let the returning roke be attempted 
be produced, by means of a metallic prime conductor of 20 or 
21 inches in length, and of about two inches in diameter; 


K I = (© ww -=—- I © w* 
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placed parallel to the prime conductor, juſt out of the limit of 
the ſtriking diſtance ; and let the prime conductor be charged, 
by means of one of the common glaſs * of leſs than 
nine inches in diameter. 
The returning ſtroke, in this caſe, will not only t be confi: 
derably weaker than a ſpark taken from the prime conductor, 
| but it will be fo extremely weak, that it can ny be ſaid even 
to exiſt. 
8 27. Whereas, if the experiment be made in a manner 
exactly £milar, by means of a large glaſs cylinder (inſtead of 
the ſmall globe) and by means of a metallic prime conductor, of 
about three feet four inches long +, by nearly four inches and? 


AQ. . I 


— 


® See my Principles of Electricity, 340 and & 341. 


1 It is better if the prime conductor, and the other metallic body, be fl 
larger. 


9 . ns th 
| * 
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* Accoum of a Thunder. florn in Scotland. iy as 
half ä and alſo by means of another metallic body | 
of equal dimenſions with this prime conductor; then, there 
will be no kind of compariſon between the ſtrength - of the 
returning firoke obtained out of the ſtriking diſtance of the 
prime conductor, and the ſtrength of the main flroke received 
immediately from the prime conductor, the ſharpneſs and pun- 
gency of the returning firoke being ſo much ſuperior. The 
returning ſtroke in this caſe is like the ſudden diſcharge of a 
weakly electrified Leyden jar, provided that due attention be 
paid to the four rules for obtaining a very ſtrong returning 
ſtroke, as laid down in ſection 307 of "uy Princi — of Elec- 
tricity. | . 
. 8 28. When 1 perftinwed the pense of the retuiiiidg 
ted to WM ſtroke, by means of a ſtill ſtronger electrical apparatus, the 
20 or commotion + felt was ſimilar to that of a Leyden jar, ſtrongly 
clectrified, ſuddenly diſcharged through my body; ſo that, 
havin 8 taken the returning ſtroke eight or ten times one 
mit of I morning (without having taken the main Froke a fingle time 
arged, WW that day), I felt a conſiderable degree of pain acroſs my cheſt 
8 during the whole evening, and a diſagreeable ſenſation in my 
arms and wriſts all the next dax. 

1 have-alſo found, that (by an advantageous Kiſpolition of the 5 
apparatus) metal t may be melted by means of the electrical 
returning ſtroke, not only entirely out of the ſtriking diſtance, 
but even without any communication with the common ſtock, 


although the conducting body, from which iſſued the electrical 


4 Ye Principles of Electricity, 5 593, 594, and 595. 
F See Principles of Electricity, & 304 and & 310. 
1 See Principles of Electricity, from 5 603 to & 606, ann 
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5 electrical atmoſphere of a metallic prime conductor, of what- 
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* 1 — on Ms. Rovnibes' s ; 
Gs that formed the returning ſtroke, had leſs than /wenty- fon 
ſquare feet of ſurface in contact with the air, 
8 29. The fact is, that in the caſe of the returning end 
is not ſo much upon the quantity of electrical fluid, as upon 
the velocity * of that fluid; that the ſtrength of that ſtroke 
depends; therefore, the ſtrength of the returning ſtroke de. 
pends leſs upon the quantity of ſurface uſed, than upon the 
Atrength of the electrical preff ure of the elaſtic electrical atmo. 
ſphere, Juperinduced upon the body Rruck, previews to the 
exploſion. 5 I 
But, the clectrieal preflure of the elaſtic electrical be 
& the great thunder- cloud in Scotland muſt have been im- 
menſe, when compared to the electrical prefſore of the elaſtic 


foever ſhape; conſequently, it is not at all ſurpriſing that 
LAUDER ſhould have been killed (or that the other effects, re- 
lated by Mr. Ba vpoxx, ſhould have been produced) by the | 
returning ſtroke ; inaſmuch. as it is not ſurpriſing, that fem 
ſhould be proportionate to the cauſes by which ay» are reſpec- 
tively produced. 

$ 30. Mr. BayDpoNE TAR that & Lathes! . cart was 
4 higher on the bank” than the eart that, followed him; which 
in ſome degree, accounts for the man, fitting on the other cart, 
aur haying felt. the returning fixoke. But, that is. to be ac- 
counted for in another way, namely, by ſuppoſing. the cloud to | 
have been Pending nearer . to the carth, aver the. ſpot where 


.® See Principles of . from n 8 602, — and parts 
cular ly 8 601. 
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deen — than over the place — his hos 
jon was: for, I have ſhewn, in my. Treatiſe upon 
Wedhiioity #, - that, in order for a perſon to receive a dau- 
gerous returning ſtroke, ſuch perſon ſhould be immerged, 
not merely in the electrical atmoſphere of the thunder- 
cloud, but in the denſe A ane of the cloud's electrical atmo- 
ſphere. | 

The fact above alluded to may alſo be decounted for i in the 
following way, vis. by ſuppoſing that the ſecond cart were 
either better connected with the common ſtock, or that it were 
| better iffulated,' than LA vpzr's cart: for, IL have ſhewn, in my 
Principles of Electricity] 1. (what i is very remarkable, namely,) 
that either of theſe two oppoſite circumſtances will weaken the 
force of a returning ſtroke prodigiouſſy. Now, Mr. Bu yponE 
mentions, that there had been an © almoſt total want of rain 
bor many months.“ He alſo ſays, that © the ground” (at 
de place where LavDeR” was killed) © was remarkably dry, 
and of a gravelly ſoil?” This ſtate of the ground was par- 
ticularly adapted to the prot on of the electrical returning 
ſtroke, when produced upon the large ſcale of niture, where 
the elaſtic electrical preſſure is {6 powerful. 
8 37. The account which Mr. Fu DONE has” given of this 
eee in Scotlat | 4 is not more ea than” it is 
infiruQive, 


f 


® Sec 'Princijites of Electrieity, 5 218. | 
7 See, in my Principles of Electricity, Experiments 8, 39, and 40, from 
$280 to F 296, inclufively, See alſo F'312, § 318, § 334, and 5 307. 
} See Principles of Electricity, from F 248 to & 310, inclufively ; and ſe 
bela 8 307. 
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_ conſideration of the electrical returning ſtroke fully evinces the 
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— « eleven. neceſſary requiſites in erecting conductors to 


* of metal, upon the top of the building propoſed to be 


40 ſecured, but ſuch as are connected with the conductor (and 


conſequentiy with the common ſtock) by ſome proper metal. 
lic communication.” And in ſection 538, I ſtate, that the 


4 utility of ſuch . precaution.” The circumſtan ces men tioned 
by Mr. Bxypons, that ſplinters had been thrown off in 
4 many places, particularly where the ande of the cart was 


proves that ſuch precaution is right. 
$ 32. The tenth I neceflary requiſite i in ereQting indes 
3 in my Principles of Ele&ricity, i is, that there be 
«3 ſufficient number of rods.” 
that, the higheſt parts of a building, the moſt elevated. 


40 ridges, all the very prominent ſtacks of chimneys, and all 
4 the moſt falient angles, ought, in order for the building to- 
« acquire the greateſt degree of ſecurity, to be armed with 


« an high, tapering, and acutely pointed metallic conductor, 


« properly connected with the common ſtock. And upon edi- 


« fices of great importance (eſpecially magazines of gun» 
« powder) the poin ted conduQors ought never to be above 


© See Principles of Electricity, from E 319 to I 544. . ; ag — 


eularly ſee 9 519. 
+ See Principles of KleAricity, $ ——_ $ 538. 
8 from 5 539 to $ 54, ben 
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In part XIX. of my Principles of Electric ty , 1 Li 2 * 


ſecure buildings againſt damage by lightning. The ninth e. 
quiſite is +, that there be neither large nor prominent bodiem 


connected by nails, or cramps of iron, ſtill more fully 


And in ſection 542 J ſtate 
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» forty ot bay feet aſunder ; ad, if e to be at Mill 
« ſmaller diſtances aſunder, the ſecurity ad wen afford. 
« would be fill more perfect. „ >. * 
The reaſon of this precaution is fully esl ! in many ” 
parts of the above-mentioned Treatiſe, particularly in ſection 
423*; and the circumſtance, very worthy of obſervation, 
lated by Mr. Bxypoxe, namely, that the diſtance was only 
« about twenty Tour yards,” between LAupzn, who was killed, 
and his companion, who was ſenſible of no ſhock, nor un- 
« common ſenſation,” does clearly demonſtrate the propriety 
of this precaution, of erecting ſeveral + conducting rods 1 
an extenſive building. 

This information muſt be particularly ane to the 
Board of Ordnance, on account of the ſecurity of their ma- 
guines, particularly their powder magazines at Purfleet. The 


* See alſo Part XVIII. of my Principles of Electricity (from $ 494 to F518 
nelufively), where I have clearly demonſtrated this propoſition, namely, that, 
high and pointed metallic conductor: [when properly conſtructed, and when made to 
communicate completely with the common ſtock} tend not only to prevent 
a main firoke of lightning, and the lateral exploſion ; but tend likewiſe moſt power-- 
fully to prevent any dangerous electrical returning firoke whatever from taking: 
place near that part of the edifice upon which they are erected. So admirable,. 
and ſo extenſive, is the principle "ou which. is- founded this ſimple and. moſt: 
comparable invention!“ 

} See alſo (in the volume LEVIN; of the Philoſophical Tranfations; part I. 
þ 313, et ſeq.) the * Report of the Committee, appointed by the Royal Society, 
to conſider of the moſt eſfectual Method of ſecuring the Powder Magazines at 
Purfleet againſt the Effects of Lightning, in compliance with the Requeſt of the 
Board of Ordnance; in which Report, /evera? high and acutely - pointed con- 
nn, properly connected with the bottom of the wells, are propoſed to be 
Wed; and other precautions, founded on a like principle, are recommended. 
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| the late M. Caſſini de Thury. By he Rev. Nevil Maſke- 
jyne, D. D. F. R. S. and Aſtronomer Royal. 


Read Feb. 22, 1567. 


M Eg WOnlNkE 
Sur la jonction de Douvres 4 Londres. 


Par M. Cant ps Tavay, Directeur de TObſervatoire 
Royal; de la Socicte Royale de Londres, &c. 


[Leſt intẽreſſant pour le progrès de Vaſtronomie que ron con- 


naifſe exactement la difference de longitude et de latitude 


que les obſervations aſtronomiques faites depuis un ſiècle offrent 


ſecondes. 


du meridien ou de 57 mille toiſes, Von ſe trompait a peine 
de dix toiſes, ce qui a ẽtè prouve par des baſes meturtes a Tex- 
tremite des ſuites de triangles; ainſi fur la diſtance de Douvres 
Londres, qui eſt de 49800 toiſes ou environ, on ne pourrait ſe 


xv1ll Concerning the Latitude and 1 of the R % 1 
Obſervatory at Greenwich ; with Remarks on a Memorial 3 


entre les deux plus fameux Obſervatoires de I Europe; et quoi- 
un moyen aſſez exact pour parvenir a cette recherche, il parait 
cependant que Von n'eſt point d'accord ſur la longitude de 


Greenwich à onze ſeconds Pres, et ſur fa latitude a quinze 


L'on a reconnu par les operations trigonometriques exẽcuttes ; 
en France, au Nord, et au Perou, que ſur Vetendue d'un degre 


domper de 1 20 toĩſes, qui repondent à onze ſecondes en longitude. | 
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M. CAssLNI a deja publis, dans le livre de la Meridienne ves 
 fiee, les operations par leſquelles l'on a determine la diſtance à 
Calais à la grofle tour de Douvres de 18241 toiſes par un premig 
triangle, et de 18243 toiſes par un fecond triangle; on aurait ceit 
diſtance avec une plus grande exactitude cn obſervant les angle 
conclus à Douvres, qui ſont fort aigus. M. Css INI a decoy. 
vert des cõtes de France pluſieurs objets ſur les cdtes d Angle. 
terre, au ſeront viſibles de la tour de Douvres ; et ſur cett 
premiere baſe on <tablirait une ſuite de quelques triangles 
juſqu'à Londres, dont le nombre et la grandeur dependent de 
Vexpoſition des objets compris dans la direction de Douvres } 
Londres. 
M. CassTNI ne doute point que ce projet ne ſoit agres d'un 
5 Ann qui aime les ſciences, qui non content des decauyertes 
du celèbre Coox vient d'ordonner un ſecond voyage autour du 
monde, et que la Socitte Royale ne charge un de ſes Membres 
de Texecution; et dans le cas on ſes occupations 1 empechernien 
de 87 livrer, qu'elle ne permit a M. Cass IxI de sen charge.. 
L'honneur qu'elle lui a fait de L'aſſocier a un corps auſſi re- 
ſpectable ſerait un titre pour lui accorder ſa confiance. M. 
CasslxI a profite du voyage du Roi en Flanders en 1748 pour I Obſer 
Joindre les triangles de la meridienne à ceux de SNELLIvs en I ndian 
Follande; en 1762 il a prolonge la perpendiculaire de Paris ries c 
juſqu'à Vienne en Autriche. La branche qui s ẽtendra juſquꝭ I fitelli 
Londres ſera la troifieme, et formera la jonction des deux plus Ho 
Helles villes de I Europe. 
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THE e Memorial of the late M. Cantyr” DR 
Tuvay was put into my hands by Sit Josxyn Bangs, our 
Prefident, on the 28th of April, 1785, defiring me at the 
ſame time to give an anſwer to it. Happy if I can ſolve the 
doubts entertained by the late Royal Aſtronomer of France 


tory, and at the ſame time do juſtice to the memories of my 
earned predeceſſors, and to myſelf, I ſhall give an account 
of the principal operations that have been performed here 
for aſcertaining thoſe points, and then add my own) &. 
marks to elucidate the ſubje& and reconcile The dfficultion in 
queſtion. | une 
Had Dr. BRA DLRV lived 1 8 1 for the benefit of altronving, 
to publiſh his valuable obſervations, or had they been ſince pub. 
liſhed by another hand, which unfortunately they hitherto have 
not, theſe remarks might have been unneceffary, and perhaps even 
the occaſion for them might never have occurred; as it would 
have then appeared upon what foundation' the latitude of this 
Obſervatory had been eſtabliſhed, and what differences of me- 
ndians between Greenwich and the other principal Obſervato- 
ties of Europe reſulted from the obſerved go of $row 
ſatellites and other celeſtial phenomena. | 1 550 

However, having formerly been appriſed by Dr. Bad blar 
bimſelf of ſeveral particulars of moment relative to his obſer- 
vations, and particularly of the method which he uſed for ſettling 


new inſtruments i in-17 50, and being aſſiſted with ſome of his 
manuſcript calculations, with the addition of my own obſerva 
tions, I flatter myſelf I can throw the light wanted on- ny 

Vox. LXXVII. 


| , Sins, Wy 


concerning the latitude and longitude of this Roy al Obſerva- 


bis latitude and refractions, after he became poſſeſſed of the 


X | queſtion, 
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queſtion, and obviate the principal difficulty, that relative M _* 
the difference of latitude of Greenwich and Paris, and reduce ht 
Aference of moridjans within ſmaller limits, notwithſtand 
Pr. BaapLEy's original obſervations had heen removed fro pe 
this; Obſervatory, in which they w 


| es of the aberratis 
of light and the nutation of the earth's ax ins. 

- By the. obſervations. of the pale, tar and other cireuny 

polar ſtars, 'abovs' and below: the pole, Dr. Baavzey got ih 
parent nenith diſtance of the pole; by the apparent 1 
vquat-2entthdutances of tha fun at the two equingxes, havin 
at he fame. tive oppolite'right. aſrepopa a6. found from cus. 
wig dxf wait ne he ace with 
en HDD; Ro * . 


| ti of realy wth. 1 


ping the right aſcenſions of the fixed ſtars, he found thP 
arent zenith diſtance of the equator, Which lefſened by Pa 
flax and added to the apparent zenith diſtance of the pole 
ave a ſum lefs chan 900 by the ſum of the tio refräctibhs 
belonging to the pole and meridian zenith diſtance of che equn- 
or. But he remarked, that the differente of refraQions, de- 
longing to theſe zenith diſtances, would come out the ne 
Nrithin 2 or 3“ by any of the beſt tables then extant, whether 
educed ſolely from obſervations, or partly from obfetvations | 
ad partly from theory. The ſum and difference vf re auctions 
anſwering to the pole and equator being thus given, the tefrac: 
tons themſelves are given, the greater of which Added to the 
apparent zenith diſtance of the equator gives the latitude or 
the place, and the leſs refraction added to the apparent #eoith 
liſtance of the pole gives the co-latitude, 

He afterwards, from the couſideration that the refractions à at 


IL 


tingents of the zenith diſtances, according to Mr. ThoMas 


the pole and the equator into the juſt parts anſwering | to each 
zenith diſtance, and thereby found the latitudes with more 
exaineſs. In this manner he found the latitude of the Ro) yal 
Obſervatory to be 51 28˙ 39˙%1, and the mean maten. at 
45 3˙ to be 37%, the barotmeter ftatding at 25,6 ide 0 5 
the thertoveneter of Fanttniri's feule at 56% | 
But, not to let a matter of ſo much confoquaies reſt dy my. | 
Anion or memo 
I have by me, in * hand- writing of Dr. Bu Alx x, among 
other particulars, his calculations of the latitude of the Obſer- 


—_ vatory 


1 ſtars; after the manner uſed by Mr. Foxlttes it” | 


the pole and equator may be taken without ſenſible error as the 


SiP30x's theory of refraMons in his Mathiemarteat Differta- 
tions, divided more acrurately the ſutn bf the cadets 3 A | 


when farther proof ean be given of it, 
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Wo 256. Dr; Mas 
1 St From. his, obſciyations, according to dhe manner abow 
© explained; in; which: he, firſt ſtates it at 51* 28“ 38% and 
finally more correfitly in theſe words. The apparent Zenith 
_—_. diſtance of the Aang by the mean of 20 obſervations in 
3 1746-47, 51 257 28”. The mean apparent diſtance of the 
40 pole, by the obſervations made between 7 af 52, 38 30' 35", 
LEE. Sum 50 58' 3”. Sum of refractions 1 570 Polar refrac- 
_ tion of. 451. Equatorial refraction 3 N 4. Latitude 
51e 28/ 39 4. Coꝰ latitude 38* 31“ 20” 
The latitude of the Obſervatory being this ſettled, as well 
a8 the quantity of refractions for all. ſtars paſſing the meridian 
between the pole and the equator, Dr. BRADLEY readily 
inferred from his obſervations the true diſtance of all ſuch 
ſtars from the north pole, which, compared with their zenith 
diſtances obſerved below the pole, gave the refractions at 
thoſe lower altitudes. Finally, by comparing the re fractions 
together obſerved i in extreme degrees of heat and cold, be 
deduced, the law of . their variation as affected by heat and 
cold; thus at length he inferred his elegant rule for 
Kier g the refraction 1 in all circumſtances, that it is to 
” in * direct compound ratio of the tangent of the 


(1033-55: ; 


app arent zenith diſtance leflened by 3 times the refraction to 


_ the radius, : and of the height of the barometer 1 in inches to 29.6 


1 


F. "AR REN HEIT 's thermometer increaſed by 3 50 to 400. 


But i it 7. be proper to confirm this rule for refractions alſo 
2 the ſame manuſeript of Dr. BaAbLRT, which 1 before 
cited for confirminig the latitude, by the n g paſſage, 
which immediately follows the other. Suppoſe the 
* mean refraQtion at 45 3 57s. and y= 3593 then 
Ar bar. :: 77 ref, at 45 Tf. 


« Rad. 


* 0 N "7 
1 2 l : 
by 
> 


i and Longitude of the Royal Obſervatory at Giweawich : "57 k 
«Rad. ! tan ZD: 3 m. ... . Nad.: tan. ZD=m::refrat 49er: - 
« ſthe refraction required]. It is eaſy to fon that this rules 
with the other: for putting = 50, and barometer 
229,6, the firſt analogy, putting the barometer down in 1 
tenths of an inch, is 350 ＋ 50 . 400: 296 :: 77” : 56% 98 for | 
the refraction at 45 3“, or 57” within ,3;th of a ſecond. || 
The ſecond analogy ferves to give the treble refraction nearly, 160 
called m. Whence it is evident, the laſt analogy coincides 
with the rule above given. Ry 

This valuable rule was firſt md by mylalf to ths 
public in vol. LIV. of the Philoſophical Tranſactions, p. 26 8. 
and in p. 49. and 129. of the firſt edition of Tables requiſite to 
de uſed with the Nautical Almanac, together with a Table of 
the mean Refractions deduced from it, with the firſt. Nautical 
Almanac, that of 2769, publiſhed. by order of the Commiſ- 
ſoners of Longitude in 1766; and again, at page the 5th of 
the Explanation and Uſe of the Aſtronomical Tables, annexed 
to the firſt volume of my Obſervations made at the Royal 
Obſervatory. from 1765 to 1774, publiſhed by order of the 
Preſident and Council of the Royal Society, with two tables. 
in that work, containing the mean refractions and decimal. 
multipliers for reducing them to any given temperature of the 
ar indicated by the barometer and thermometer. The words 
in page the th of the ſaid preface are as follows. The. 
c aftronomicat refractions and latitude of the Obſervatory were 

l ſettled with the greateſt accuracy by Dr. BxapLey, from his 
« obſervations.of the circumpolar ſtars, with the braſs mural. 
« quadrant, during the three years that it was turned to the north, 
and of the ſun and ſtars in the ſubſequent years after it was 


removed to point to the b. The followin g elegant rule: 
_ | ; _ © was: 
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«altitude is to 37 ſeconds, in the direct compound ratio of the 
_ * tangent of the apparent zenith Uiftance leſſened by 3 times 
of the height of FannHE NET T's thermometer increaſed by 


0 XXIII. were adapted to this rule; the firſt containing the 
- © mean reffactions anſwering to 29,6 inches height of the 


the ſecond table containing decimals for multiplying the 
d mean refraQion in order to find the correction, which applied 


4c been produced by the rule with ſomewhat more trouble. 
« Dr. BRADLEY ſuppoſed. the horizontal parallax of the ſun 
«10; ſeconds, in the calculations from which he infetred the 


ol made uſe of the true parallax 8“8 or 81, as found by the 


* the refraction at the altitude of 45* to be 56% inſtead of 


not be corrected for all altitudes, without examining his ob- 


* B. Milne vs 2 u Bib 
it vis the reſult of his obſervations, that the refraxtion at 17 


« the refraction to the radius, and of the altitude of the baro- 
« meter in inches to 29,6 inches, and in the reciprocal ratio 


« the number 3 50, to the number 400. Tables XXII. and 


« barbometer and 50 degrees height of the thermometer; and 


to it will give the actual refraction, the fame as would have 


« refractions; and 1 have been informed, that he determined 
« the latitude of the Obſervatory 5 1 2839/1. But, had he 


«© two late tranſits of Venus over the ſun, he would have made 


«6 $9, and the latitude of the Obſervatory exactly 51 28 40% | 
« inftead of 51* 28/ 39” 1. But his rule for refractions can» 


« ſervations of refractions made at various times. 

On comparing this extract with M. CAssTui's Memoir, I can - 
not but expreſs my ſurpriſe, that he ſhould not have adverted to 
a paſſage containing ſo direct an application to the gtounds of his 
Methotial, in 4 publication of fuch notoriety, and of ſo old a 
date as 1976; had he done ſo, I eatinot'but thitik, he would 


never have hazarded ſuch an opinion as that advanced by him 
in 


13 
9 
d 
« 
n 


BRADLEY, it may be proper to add, that the Greenwich braſs 


than a quadrant 1 in 1745) according to the following paſſage 


"a Langitade of the Regal Obſervatory at Greewmich, '1 77 
jo bis Memoir of an uncertainty of 1 5”. in the latitude. of 
Greenwich ; but he might have been induced to believe, 
that the latitude of this place had been well determined. 

For further confirmation of the certainty of the aſtronomical 
refra&tions, and latitude of the Obſervatory, as ſettled by Dr. 


myral quadrant underwent a trial, which all aſtronomical in- 


ſtruments ought to be ſubmitted to, but which very few ever 


have been, on account of the difficulty and nicety of the opa- 
ration, namely, an examination of the total arc; when it was 
found by Dr. BRADLEY to be an accurate quadrant, the arc 


appearing at one trial to differ only a fraction of a ſecond from 


90, and another time, after an interval of above ſix years, to 


be a perfect quadrant.” See p. 24. of Bix b's Method of con- 


ſtructing Mural Quadrants, publiſned by the Board of Longi- 


tude in 1768. In like manner he had before examined the 
total are of the iron quadrant, firſt put up by Mr. Ga AhAM, 


for the uſe of Dr. HAL LET, in the year 1725, by means of a 
vel, and found it to be 16” leſs than a quadrant. See Bixp's 


Method of conſtructing Myral Quadrants, p. 7. and Memoires 
of the Royal Academy of Sciences at Paris, for 1752, p. 424- 
But this quadrant was, in the year 1753, re-divided by Mr. 
Bind, and, in this reſpect, probably rendered as accurate as 
the other. See Binp's Method of couſtrufting Mural Qua- 


drants, p. 24. 
Dr. Bxapr.ey made a curious uſe of the new ſet of diviſions, - 
ſoon after they were laid upon the quadrant, to re- examine the 


error of the total arc laid down originally by Mr. Gs AHAM 


(which by the plumb- -line and level he had found to be £6” leſs 


contained i in the manuſcript before cited. 


Anuguſt 
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— crometer the difference of the arcs (of £2) as ſet off by 


40 . to 10% 6; ſo that the whole are of 96 differs from 


vatory, and obliquity of the ecliptic, by both quadrants, 
making a proportionable allowance, in the uſe of the iron quz- 


Aſtronomy at Oxford, to whoſe care Dr. BRAbTRx's original 


printed and publiſhed, having favoured me with calculations of 
the latitude of the Royal Obſervatory from obſervations of the 


Ba Abl Er, I think it proper to give it a place here, not only as 


2 very curious paper, but alſo as ſtrongly confirming the lati- 
tude of this place before ſtated. 


t the pole, corrected by refraction, aberration, &c. and re- 


i vations made after the new quadrant was balanced, N or. 


Re Auguſt 12, 1753, T meaſured with the ſcrew of my ink. 


„Mr. GxAHam originally, and by Mr. Binxů when he put 
«on. a new ſet of diviſions upon the old quadrant, w [ 
46 © od that*Mr. GRAHAM'S arc was leſs than Mr. Bizv's by 
2e diviſions of my micrometer, ' which to a radius of 96 inches 


i 2 true quadrant 15” ,9, which is the fame difference that! 
formerly found by means of the level, &. 

Let me further add, that Dr. BRAblzx had informed me, 
that he had found the ſame refractions, latitude of the Obſer. 


drant, for the error of 16” in the total arc in proportion to 
the zenith diſtance of the object before it was new divided. 
The Rev. Dr. Hon NsBVY, F. R. S. Savilian Profeſſor of 


obſervations. have been committed, in order to their being 


pole ſtar made with both quadrants, from a manuſcript of Dr. 


7 ranſeribed from a looſe Paper af Dr. Bx ADLE Ws 
The mean zenith diſtances of the pole ſtar above and below 


310 


« duced to January 1751, O. St. as collected from the obſer - Were 


6 4 1750. 


| Number 


= 


order * 
| Abbve the pole. | of obſer- Below the pole. 
| „„ vations. | 
4 
40 33 2,95 
26 3,37 
27 . 25,14 
20 - „ 
＋ | 1,74 f 
1 
120 40 33 2,24 
| 30 20 45924 
s EE 2 47,48 
| 8 31 23,74 
— . Error of collimation „ 174 
Co- latitude E 35 22, © 
1 0 R i 
RR 
5 OE 
Con 1,4 4 3 10,8 
: + 4515 | + 68 
= 
38 31 22,0 | 4 3 1744 
By new quad. 51 28 38,0 | . 
4 174 
2 E 3 the mean diſtance 
from mean pole Jan. 17 51. 


Tbe apparent ak diſtance of the pole, by the mean of 
370 obſervations, is 


38 30 1 allowing — 2“ for the error of the line of collimation. 
Refraction + 4 5E 


38 31 214 Co · lat. 38 31 214 x by the new -quadrant. 


Vol. LXXVII. þ 4 Apparent 


and Longitidt of the Royal Obſervatory water at Oreenwich. 161 | 


latitude 51 28 384 38 31 181 by the old quad, new diviſions. | 


— een och bees eye — — ; * — 
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"MY Apparent = zenith diftances of the pole ob-| 
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De. Masxzl un' 8. ohe, on the Lavieake - _ 
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ſerved with the 1 iron quadrant. 


5 j 3 | -| Apparent bd Pe ' [Thermom. 
| 1753 | diſtance of the | Barom, — 
Hs | pole. * in. | out. 
FT ce, mi i. 
| Sept» 13 30,10 | 64 | 65 
4 23 29,88 61 | 6014 
oa. 2 29,67 56 53 
f . vs 1 37 1 37 
I | my 29,48 | 61 KEN 
„„ 20,3 5 % 
| 31 29,65 42 34 | 
| Nov. 29,69 45 39 | | 
939 1+ | 35 1 
29,59 40 35 | 5 
1 29,8440 33 brig 
39.00 | 43 | 35 | 
29 29, 80 | 38 30 nun 
| Dec. 3 30,10 | 39 | 33 ther 
— 4 30,00 | 35 27 for 
17 29,59 ] 5049 100 
FT. 39,11 | 33 | 22 by e 
; | Mean 3 29,81 | 47 | 412 and 
| Refraction| 13 16˙ 
1 Col. 14 15 
I. Pol. corr. Lo ſion 
— far the manuſcript. Fu 
diſt 
Thus the lente by 1 the braſs quadrank being 51 28% 38% and 
and by the iron quadrant with new diviſions 51 28' 41”, Ml lim 
the mean by both quadrants is 5 1 287 40%, or only half a MW lati 
ſecond greater than ſettled in another manner, according to and 
the manuſcript of Dr. BR ADLER in my poſſeſſion. Alſo the W 
e zenith diſtance of the pole with the mean re fraction: the 
45,4 bong 38˙ 30“ 30% by the braſs quadrant, and MW err 
fro 


38 30“ 330 or by the iron quadrant, the mean by both 35, 


bc, 


28. 


f * 
0 Y ** "of oF - 1 
* 


* 


ani Longitude of the Royal Oger vatory at Greenwich. 
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38 300 34” 6, or only ths of a ſecond leſs than by Dr- 


BRADLEY'S manuſcript cited before. 


its latitude to have been ſo accurately ſettled by Dr. BrxaDLEY 
before me, I might have thought mylelf diſpenſed from making 


| any particular or very laborious obſervations for that purpoſe; 


however, I confirmed it by my own obſervations to great near- 


neſs, viz. within 1 or 2”, at the ſame time that ] was eſtabliſh- 
ing a new catalogue of the principal fixed ſtars, continually 


obſerved here for ſettling the right aſcenſions of all other 
celeſtial objects wit': the tranſit inſtrument. The reſult in 


brief is as follows. 
I firſt ſettled the relative right a of about 30 of the 


brighteſt fixed ſtars, and lying neareſt, the equator, by a great 


number of obſervations with the tranſit inſtrument, referring 


them to  Aquilz as the fundamental ſtar, whoſe right aſcen- 
fion I aſſumed from Dr. BxavLEy's determination. Hence, 


by obſerved tranſits of the ſun and the ſame ſtars, in the ſpring 
and autumn, when his daily motion in declination was at leaſt 
16' or two-thirds of the greateſt, I inferred the ſun's right aſcen- 
ſions relative to the right aſcenſions of thoſe ſtars ſettled in the 
manner juſt mentioned. Alſo from the ſun's obſerved zenith 


diſtances taken with the braſs mural quadrant on the ſame days, 


and corrected by refraction, parallax, and error of line of col- 
limation, with Dr. BRADLEx's obliquity of the ecliptic, and 
latitude of the Obſervatory, I computed the ſun's declinations, 
| and thence the right aſcenſions correſponding to them. 


Now, if the aſſumed right aſcenſion of & Aquilz, * 


thence thoſe of the other ſtars were affected with ſome ſmall 


error, as might be ſuppoſed, the ſun's right aſcenſions deduced 


from the obſerved tranſits would differ the ſame way from the 
T2 truth 


On my promotion to the Royal Obſervatory in 1 -6 5, fnding | 


BE mh 2 eee Geer on tho B 


— —— 


truth at both ſeaſons of the year, vix. by the unknown end 
of the aſſumed right aſcenſion of « Aquilæ; but his right 
aſcenſions inferred from his obſerved zenith diſtances would be 
affected contrary ways at the two oppoſite ſeaſons of the yea, 
by the unknown errors in the refractions, parallaxes, latitude 
of the place, and obliquity of the ecliptic. Hence, the mean 
of the two corrections of the ſun's right aſcenſion, found from 
the obſerved declinations about the vernal and autumnal equi 
nox, would be the true correction of the affumed right aſcen- 
ſion of a Aquilz ; ; and the difference of the ſame corrections 

would, by an eaſy calculation, ſhew how much the computed 
declinations were too great or too little for the truth, and con- 
ſequently what the true declinations were, and what the true 
zenith diſtance of the ſun was, when in the equator, or the 
latitude of the place, on ſuppoſition that Dr. BRADLEY'S re 
fractions were truly ſtated; for auy ſmall uncertainty in the 
obliquity of the ecliptic, as ſtated by him, could not affect this 
reſult, which was deduced equally from obſervations of the 
ſun in north and ſouth declination, when the ſame error of the 
obliquity would affect the ſun's right aſcenſions deduced: from 
the obſerved declinations contrary ways. I took the ſun's paral- 
lax from the 24th of my tables annexed to my obſervations, 
conſtrued upon a horizontal parallax 8“, 84, which I had 
deduced: from the obſervations of the firſt tranſit of Venus, 
that in 1761, and differing inſenſibly from 8/'3, which I de- 
duced from the obſervations of the total durations of the tranſit 
between the internal contacts obſerved at Wardhus and Ota- 
heite in 1769, conſequently more corre& than the horizontal 
parallax of 10”'+ uſed by Dr. BRADLEVY. It is alſo evident, 
that the true zenith diſtance of the equator thus found, dimi- 
niſhed by Dr. Bu Abl. Rx's mean refraction, will be the apparent W tion 
7 zenith colli 
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zenith diſtance of the _ affected anly by the mean refrace 
x now give the apparent 11 aikance of the equa- 
tor, and the true latitude of the Obſervatory, reſulting in this 
manner from my obſervations of fix years, from the autumnal 
equinox of 170; to that of 1771, in which I allowed 0”,g for 
the correction of the error of the line of collimation, additive 

to the obſerved zenith diſtances, as I found from a reviſion of 
my calculations of the zenith diſtances of ſtars taken with the 
mural quadrant, compared with the like taken with the Zepith 
ſector in 1 768. 


2 — — 
— 


True latitude of 


— 


„ . 1 aa 
| ®. Apparent zenith|the Obſervatos| 
E - diſtance of equa- ry, according to 
i OS w = |tor, taking the Dr. Bxapiey's| 
Fears of the obſervations, © > (ſun's horizontal|refraftions ande 
ee a 25 8 = parallax 8“, 8. the fun's hori-“ 
a zontal - parallax| 
| = | Fs, | 
= "TOP" equinox of 176 and mu of 1966| 52 | 5 27 28,6 31 28 40k 
the Autumnal equinox of 1766and vernal of 1767] 38 | 30,4 
both equinoxes of 1908 — > Sf - 32,2 
Both equinoxes FS; FT Tak | 
both equinoxes of 1770 — _ 20 29,3 
Both equinoxes 8 „„ 1 
— — — — 
Mean from ſix years obſervations 2 on” |. 27 29,8 | 51 28 my 
Mean found by Dr. BxapLEY, with © 's 1 
Zontal 4 A 10,3 — 8 1 51 * 87 ” 3995 
but if 1“ 2 be added to reduce them to they | 
O's horizontal parallax 8“, 8, Dr. Buav-þ| gr 27 = ac E 26 4% 
LEY's reſult will be changed to — 1 N 
Difering from my « determination above 8 0,6 — 0 


In further confirmation of the 3 of the Obſervatory, 
| ſhall now adduce eight years obſerved zenith diſtances of the 
ſun in the ſolſtices, being deduced from a number of obſerva- 
tions taken at and near the ſolſtices, and corrected for line of 
collimation, refraction, parallax, and nutation. 


Years 


/ 
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This laſt obliquity 23* 28' 8”, 5 is deduced in the manner 


uſed by Dr. aner, and is more to be depended on than 
the other 2 P 28 7 50 deduced from both ſolſtices, on account 


of the leſs certainty of the lower refractions, from which, 


= however, it only differs a ſecond and a half. 


Thus all the obſervations of the ſun and circumpolar ſtars 
3 to 1” or 2// with the latitude of the Obſervatory ſettled. 


by Dr. BRADLEY, making uſe of his refractions. 


I fhall now determine the latitude independent of Dr. Bu Ab- 
LEY's refractions, and infer the higher refractions at the 
ſame time, from a compariſon of my obſervations of the 
apparent Zenith diſtance of the equator before ſet down with 
Dr. BxAaDLEy's obſervations of the apparent zenith diſtance 
of the pole, both taken with the ſame excellent braſs mural 


quaſrant, in the ſame manner as Dr, BxAaDLEY deduced them 
from 


Years | Summer 2 N50 of Winter ſolfti- } N T Half ſum or Hair ate 
of ob- | ſtitial zenith days of | tial zenith days of | latitude of | ence or obli. 
tions. | diſtance re- —— _ diſtance. o dera. the place. | quity of the 
. .* | fuced. | tions. tions. |. | ecliptic. | 

3 e e 2 — 
| 8 FR | | | | | © 24 | i 838 
1765 [28 © 3 a 74 56 46,1 FS. 28 38, 2| 23 28 60 
1766 | 33,0 [9 48,8 2 he | 7,0 
| | 1 I ſuncertain | | ol 
"er. | 32,0 6 | from an # Ar ae Eats eoitd N.. 
| SL LS —_ TE — | 
Wy 3 29,7 6 j 44,9 3 7 1 37,3 7,0 
1709 31,888 456,2 5 | 8  . Jal 
| 1770 | "714-7 - | J „% 
TH; TS 7 42,2] 9 | . 
11772 in Line of collimation altered by e an achro- 
| oh | © i | matic ar] 6h to the RNAP. . 
— — — — — | 
Mean 78 0 31,51 | 74 56 55 Tn 28 384] 23 EY 1,0 
latitudegr_ 2 * . On Jan. 1, 
. — 1169. 
23 28 8,5 mean  obliquity of ecliptic « on Jan. * 1769. _ 
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and Longitude' of the Royal Obſervatory at Greenwith. 167, 
dom the apparent zenith diſtance of the equator obſerved with: 
de iron quadrant compared with the apparent zenith diſtance 
be | of the pole obſerved with the braſs quadrant, according to the 
WH otra from the manuſcript in my poſſeſſion before cited. 
C | The mean apparent zenith diſtance of the equator, by my- 
% obſervations of fix years from 1765 to 1771, was related before 
27“ 29/8. The mean gpparent zenith diſtance of the 
pole was 8 by Dr. BRADLEY I 1750 to 1752 to be 
70 15 30 35 Their ſum 89 58“ 4“, 8 taken from go* leaves: 
„ 55“, the ſum of the refractions at the two zenith diſtances. 
| WM Saying then, as 1' 56 "37 the ſum of the refractions by Dr. 
BraDLEY's rule, to 1 55“, 2 the ſum by obſervation, ſo are 
11% 4 and 45% 3 the reſpective refractions at the two appa- 
1,| ent zenith 3 of the er and pole by Dr. BRAp- 
LEr's rule, to 1“ 10%, „5 and 44% 7 the two refractions at thoſe, 
zenith diſtances, which added to them give the co-latitude 
ner 38 31“ 190 77.1 and the latitude 5 1 28 40% 3. And as 
han Wl $6",7:r 5 5% 8 :: ſo is 57” the refraction at the apparent 
unt zenith diſtanee 45 3 by Dr. BRADLEVY: 56“ 27 the true re- 
ich, I fraction at that zenith diſtance, or not half a ſecond differing* 
fiom Dr. BRAblEv's, but more to be depended on as deduced 
tars WW from obſervations made with the braſs quadrant only, and cal- | 
culated from a parallax of the ſun nearer to the truth. 
But if the apparent zenith diſtance of the pole be made afe 
of, reſulting from a mean of 310 obſervations made with the 
braſs quadrant, according to Dr. BrAaDLEY's manuſcript, com- 
municated by Dr. HoRNsBY, from the whole of his obſerva- 
tions from 1750 to 1.753» VIS. 38* 3 300 36%, the ſum of this. 
and 515 27 20,8, the apparent ae diſtance of the equator 
found by. myſelf with the ſame inſtrument, or 89 587 58. - 
taken from 90 leaves 1 54 , 2, the ſum of the two. refractions 
aT 


1 


Mg 


will be found in like manner as before 44”;3, and that at the 
equator 109% 9, and the latitude 51* 28” 39% 7, and the re. 
fraction at the apparent zenith diſtance of 45* 3 5 9 
which is 1“, 2 leſs than Dr. BR Ablx 's determination, and 1”,, 
greater than deduced from Mr. Hawks BER s experiment of the 
refraction of the air hereafter cited. It will be ſhewn in the 


truth of the total arc, but only ſuppoſes the inſtrument pto- 
portionally divided at the points anſwering to the yo and 


the equator. 


| Royal Obſervatory at Greenwich 1s firmly eftabliſhed from Dr, 
' BrADLEY's obſervations and my own at 51 28” 400%, probably 
without the error of a ſingle ſecond. 


examined into the latitude of the Royal Obſervatory at Paris, 


nomers, and mag the refraction at the height of the pole 
at Paris to be 50”, which is 2” leſs than Dowminico CassInt's 
table gives, and the fame which Dr. BravLey's rule gives, 
be finds the latitude of their Royal Obſervatory as follows: 
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r. MASERLYNE's Obſervations on the Latinede' 
at the pole and equator. Whence the refraction at the pole 


ſequel, that the latitude thus found does not at all depend on the 


From the whole then I conclude, that the latitude of * 


Let us now inquire into the latitude of the Royal Obſeres 


tory at Paris. M. LR Moxxikn, in the Memoires of the Royal 
Academy of Sciences for 1758, and in his H. Noire Celefle, has 


reſulting from the obſervations of the principal French aſtro- 


From the obſervations of M. Picanp — 10 
—— of M. vs LA Hits - 48 50 12 
- Ie Chev. DE LouvViLLE 48 50 
- M. Maraldi = 438 50 14 


— — . —— — 
. 


| and Longiiude of ibe Royal Obfervarory at Grkenwich. r6g 


ow: 


1 46: Os [9% gd 5 4 bo i LI) tr G59 $ 
His own obſervations in 17 38, after examining and 
making an allowance for the error of the total arc of 


on OS RO Re rn 7 T . 
Vis further obſervations in 1740, making allow- Pg 11 
ance for the error of the total arc of his quadrant, I | 
nd conſidering the effect of the ſtate of the air indi- =. 
cated by the thermometer upon the refractions 48 50 15 10 
In the Memoires of the Royal Academy of Sciences 1 
for 1744, M. CassInt ps Tuunxx (the author of the I 


memoir) finds from his own obſervations, with the 
ſane refractions . 3 8 48 50 12 
In the Memoires of 1 755, the Abbe DE LA CAILLE, ; 
from a nice and accurate calculation of his obſerva- 

tons made at the College of Mazarine, at Paris, and 

the Cape of Good Hope, deduces new tables of re- 1 
faction ſuitable to each place, and ſtates their re- Wl | 
ſpeftive latitudes, and thence that of the Royal Ob- | | 


krvatory at Paris „ = 0 [| 
Hence the ancient obſervations of M. Pic ARD, M. : { | 
* LA Hig, and the Chevalier DE LouviLLE give 48 50 10 | | | 
The modern and more accurate obſervations of M. 1 
MaxAL pr, M. LE MoNnNIER, M. CASSINI DE _. 18 || 
Tay, and the Abbe DE LA CAILLE, give - 48 50.143 Fl 
which is now generally made uſe of by the French aſtronomers ; 
i the true latitude of their Royal Obſervatory ; and from the | 
tear agreement of ſo many diligent obſervers and able aſtrono- I! 
ders cannot be ſuppoſed to differ above 2 or 3” from the truth, | | | 
The difference of this and 51* 28' 40”, the latitude of the NN 
al Obſervatory: at Greenwich above ſtated, is 2* 38' 26”, [| 


be true difference of latitude of the two Obſervatories, which, 
Vox. LXXVII 1 from 


1 
94 
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ſpective latitudes were founded, cannot be ſuppoſed to differ 
| above 3 or 4” from the truth. What then becomes of the 


the zenith ſector in 1768, with thoſe of the Abbe vs 14 


nomiæ, after making the proper allowances for aberration, pre. 


conis; the mean being 2 38' 25%, differing only 0,3 from 
that tated above; but from Dr. BRADLEx's obſervations 
, /.2, mean 20 38: 26% o. It 
is too well known to aſtronomers to need my pointing out, 


differences of zenith diftances of ſtars pafling near the zeniths, 
as the two above cited, obſerved at both places, in the ſame 
manner as the amplitude of the celeſtial arc is obſerved for 
finding the length of a degree of the meridian by compare 


late M. Cassin1's ſuppoſition of an uncertainty of 1 uk in the 
latitude of Greenwich built? This appears evidently to hate 


- 
: og 


Dr. MAL Y NAS Obſervations on tle Latitude 
. whe has been ſaid of the obſervations on which the te. 


uncertainty of 1 5” ſuppoſed by the Iate M. Cassn1 ? 
The ſalfMdifference of latitude I find nearly from a compa. 
riſon of my own obſervations of and g Draconis, taken with 


CAILLE in 1750 and 17 56, given in his Fundamenta Aſtra. 


ceſſion, and nutation, and correcting my obſervations by Dy, M 
BRADLEY s refraction, and the Abbe DE LA CAILLE' s by his as 
table, and making allowance for the diſtance of the Abbe ys hi 
LA CALLE 8 Obſervatory from their Royal Obſervatory; via. D 


2 38“ 25% 4 from y Draconis, and 25 38” 26”,1 _ 8 Dr> 


that the beſt method of determining the difference of [at he 
tude of places, differing but little in latitude, is by fuch 


with geometrical meaſures. 
The queſtion now will be, upon what foundation was the 


been upon a paſſage 1 in the Abbe DE La CAiLLE's reſearches 
into the aſtronomical refractions and latitude of Paris, con- 


tained in the Memoires of the Royal Academy of Sciences for 
| = 


—— 


* * B res. T0 


1755, p- 578, 579, where M. Dr LA CAL TE takes the dif- 
&rences of zenith diſtances of 14 ſtars obſerved by Dr. BRA - 


the Cape of Good Hope, for determining the moon' s parallax in 
&eclination) publiſhed in the Memoires of the MN Academy 
of Sciences for 1752, and the ſame obſerved by himſelf at 
paris, after his return from the Cape, and correcting them for the 


according to his own table of refractions, and the known apparent 
motions of the ſtars, finds the mean 2* 37 23% 9, which added 


him 51* 28“ 53% 2 for the latitude of Greenwich, —_— 
Dr. BRADLEY's latitude by 13 or 14”. 


rations 
0, It 
g out, 
f lati- 
* ſuch 
eniths, 
e ſame 


ed for 


CailLE's table of refractions is juſt, The firſt indeed has been 


been attempted with reſpe& to the Abbe ps La CAILLERLs 
ſextant; for the examination which the Abbe made of his in- 
ſtrument by parts for every 7 (ſee Memoires of the Royal 
Academy of Sciences for 17 51 p. 405.), could not determine 


ſmall arcs from one another rather than from the true arc 
which they repreſent. We may therefore be allowed to doubt 


ſtrengthened by ſeveral particulars which I ſhall adduce. 
1. The apparent altitude of the pole at the Royal Obſerva- 
tory 48 51“ 12”, reſulting from the Abbe DE La CAILLE'S 


5 and Longitude of the Royal Obſervatory at Greenwich. 171 


Er (in correſpondence to the ſame obſerved op himſelf at 


difference of the refractions at the reſpective zenith diſtances, 
to 48 * 29%, 3, his latitude at the College of Mazarine, gave 


Now the legitimacy of this concluſion depends upon a Cops 
poſition that both inſtruments meaſured the true angle, or that 
their total arcs were juſtly laid off, and that the Abbe DER LA 


proved with reſpect to Dr. BRAbLEx's quadrant, but never has 


the error of the whole arc, as * difference from the trutn 
might be inſenſible upon ſuch ſmall arcs, and the examination 
ſeems to have been intended to find the differences of theſe | 


of the truth of this circumſtance. This doubt will be further 


&- 3- obſer- 
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bibrvstions, exceeds 48 51/ 4 the mean of the ee of 
Meſſ. Max AT DT, r= MonNItk, and CAssIxI DE TRHU Rx, by 9% 
and at the ſame time His refractions for that altitude exceed wh 
they adopt by the ſame quantity. 2. His refraQtions are greater 
than all othen tables give, Dowinrco Cassini's, FLAMsTEED' 65 
Nxwrox's, BRApLRVY's, Mayer's, SiMrSsORN's, and Lord Mac. 
 ELESFIELD's. The latter I have by me in a manuſcript of Dy, 
BraDLey, being. what he uſed to correct his obſervations by, be. 
fore he had been enabled to determine the refractions with the 
new mural arc. They. were deduced from a braſs quadrant of 
5-feet radius made by Mr. SissoN, ſtill remaining in the Obſerva- 
tory at Sherburn-Caſtle, and are the more to be eſteemed becauſe 
the diviſions of the inſtrument had been ſubmitted to the frigef 
 re-examination, whereby, in the opinion of Dr. Bx ADLEY, it was 
| probably. rendered as perfect in its hind as any extant, or as human 
Kill could at that time produce. See Dr. Bu ADLER xs Letter to Lord 
MaceLEsFIELD, Phil. Tranſ. vol. XL V. p. 5. The refractions in 
this table are leſs than Dr. BRADLEV's by 27,4 at the altitude of 
45e, and 40 at the altitude of 20. MavR's refractions agree almoſt 
exactly with Dr. BRA DLRV's, and are entitled to much weight, 
having been determined by a 6- feet mural arc conſtructed by Mr. 
Brad. 3. The refractions were found by the French Academicians 
at the polar circle, according to M. Maurzxrols' $ Book on 
the Fegure of the Earth, to agree nearly with DoMIxIco Cas- 
$181's table. Hence it may be inferred, that the refractions in 
a warmer climate, as France, ſhould be leſs than according to 
the ſame table, and therefore much leſs than according 
to M. DE LA CAlLLE's, and approaching to Dr. BRAD- 
IE s, which are a little leſs than M. CAssINI's. 4. M. LE 
MoxxIRR, after his return from the polar circle, with a qua- 
drant examined at the zenith and horizon, and after making 


| allowance for the error thereby inferred 1 in the total arc, ob- 
IH T7 ſerved 
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the ſtate of the thermometer, and ſometimes of the barometer 


ao, as recorded in his Hiſtoire Celeſte. Theſe I calculated for- 


merly, and found the refractions obſerved in very hot and very 


increaſe and decreaſe, according to the changes of temperature, 
5 Dr. BRADLEY has aſſigned; and, reducing the obſerved re- 
fractions to the mean temperature, I found them agree nearly 
with Dr. BRADbLPY's. 5. The refractive power of the air 
zbout its mean temperature was carefully obſerved by Mr. 
HawKsSBEE,, as related in his Phyſico- Mechanical Experiments, 
and the ratio of the ſine of incidence to that of refraction out 
of air into a vacuum found to be as 999736 to 1coc000. Hence 
the aſtronomical refraction at the altitude of 45 ſhould be 
54,6, only 2 4 leſs. than Dr. Bu ADEV's, and 2“ leſs than 


the ſame when his higher refractions are new calculated with 


the true parallax of the ſun, and 1“, 2 leſs than! have before ſhewn 
to reſult from my obſervations of the apparent zenith diſtance of 


the equator compared with Dr. BRADLRx's of the apparent ze- 
nith diſtance of the pole, both taken with the ſame braſs mural 


quadrant, but 12” leſs than the Abbe DE La CAILLE's. 
From all theſe facts, I think, I may be allowed to conclude, 

that the Abbe DE LA CAILLE'S refractions are not juſt, but 

conſiderably too large; and, conſequently, as there can be 


no doubt of the care or diligence uſed by this aſtronomer in his 


obſervations and calculations, that the total arc of his inſtru- 


ment is too large for the radius, and, as I fhall ſhew preſently, 


gives the meaſures of the zenith diſtances too ſmall. | 

But it may aſked, are then all the obſervations of (his great 
aſtronomer, with their reſults, the fruit of ſo much labour and 
pains, to be conſidered as uncertain or lowered in their value in 


proportion to the error of his inſtrument? I am happy to 
anſwer, 


— 


= a great many refractions of ſtars under the pole, with 


cold weather, compared together, to follow the ſame rate of 
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Aer. that the very ingenious method which he uſed of get · 
ting his refractions from the compariſon of the ſum of the 
apparent altitudes of the poles at Paris and the Cape with the ſum 
of the apparent zenith diſtances of ſtars paſſing the meridian he. 
tween the two places, has fortunately, without his being aware 


of it, given him the refractions affected with the error of the 


arc of the inſtrument, and conſequently proper for correcting his 


obſervations ; for, if the inſtrument be ſuppoſed ill divided, 
any error in the diviſions will naturally be thrown upon the refrac- 


tions; and, if the total arc is too large for the radius, the ſtars 


will appear to approach the zenith by the error of the diviſions 


as well as the refractions, and the refractions in the table will 
come out too large, but ſtill ſuitable to the inſtrument, becauſe 
a correction is neceſſary to be added to the obſerved zenith 


diſtance, on account of the error of the inſtrument, as well as 


of the true refractions, and the table deduced from the inſtrument 


gives the ſum of the two corrections 3 without deter- 
mining them ſeparately. 


Hence his table of Wan though well adapted to bi 


inſtrument, may be very unfit to be applied to any other. His 


latitudes of his obſervatories and his declinations of the ſtars 
will not loſe any of their certainty, at leaſt within the limits of 
the zenith diſtances meaſured by his ſector, viz. 60* And this 


accounts for a circumſtance, at firſt fight rather extraordinary, 
that his declinations of ſtars ſhould agree lo nearly (generally 


within 5” of Dr. BRADLE 's, as Dr. BRADpLEx himſelf re- 
marked) though his refractions made uſe of were ſo very 
different. 

Having now ſhewn, that the Abbe pz LA Air s reftac- 
tions are too great, and only fit to be applied to his own inſtru- 


ment, it will be eaſy, by a juſt calculation, to reconcile the 
before 


a and Longitude of the Royal Obſervatory at Greenwich. 


before. mentioned zenith diſtances of 14 ſtars, obſerved at Green- 
wich by Dr. BraDLey and by the Abbé DE La CaiLLs at 
the College of Mazarine at Paris, with the eſtabliſhed latitudes 
of the two Obſervatories, nearly; in doing which I ſhall claim 
the ſame right to correct Dr. BraDLEY's obſervations by his 
table of refractions, as I have allowed the Abbe ve LA CAIlLLE 
to be intitled to correct his obſervations by his table of refrac- 
tions; which, I think, will be allowed me, after what 1 hav 


deduced and the inſtruments made uſe of. The difference of 
latitude of the College of Mazarine and the Royal Obſervatory 
at Greenwich will then come out by the ſeveral ſtars, as fol- 
lows ; ; 2 nr 12,5; 16% 0, 13 0; 13˙ 7. 18% 4, 1 Y 75 
19,7, 23'';2, 17 Ts 17,0, 13,9, 12% 4, . 11%. 


The mean is 25 37 15”,2 (or 8 7 leſs than the Abbe DE LA 


_ CaitLE's reſult in his method of calculation, which I have 
of the Abbe DE LA CAILLE's Obſervatory gives 51* 28” 44”, 5 
for the latitude of the Royal Obſervatory at Greenwich, only 


that many of the ſtars were at great diſtances from the zenith, 
and that no account has been made of the temperature of the air 


ſtars near the zenith, as I obſerved before; and the difference of 
the latitudes of the two Obſervatories of the College of Maza- 
rine and Greenwich, by the Abbe DE La CAILLE's obſerva- 


51 


fad of the manner in which the Greenwich refractions were 


ſhewn to be inadmiſſible) and added to 48 51” 29“, 3, the latitude 


4% more than eſtabliſhed by Dr. BxaDLey's obſervations | 
and my own ; a ſufficient agreement, eſpecially conſidering 


at the times of the obſervations. The proper method, however, 
of ſettling the difference of latitude of two Obſervatories is by 


tions of g and y Draconis compared with mine, was 237 1 8 
and compared with Dr. BRADLEv's 2 37” 10% , the firſt of 
which, added to the Abbe pz La CAILLE's latitude, gives 
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"$128 39%, and the other 31 28% 40% for the "Uatituis'op 
the Royal Obſervatory at Gteen wich, exactly agreeing with t That 
deduced immediately from the'obſervations made at this place. 
The fame reſult nearly follows from M. Cas$1nr px 
Tnukx's own obſervations of the zenith diſtance of the ſun / 
at the ſummer ſolſtice of 17 55, contained in the Memoires of 
the Royal Academy of Sciences for that year, compared with 

Dr. BxapLEy's, which latter was communicated to me by the 
late Joann Hows, Eſq.; for, by M. Casskxr s obſervations, 
the ſolſtitial altitude of the ſun's upper limb, corrected by 

the difference of refraction and parallax, according to 

Dominico Cassin1's table, which happens to agree with 

the fame difference by my tables at this height, was 

64* 53' 36”, from which 15 47” being ſubtrafted for the 

ſemi-diameter of _ ſun according to Mayer's tables, there 

remains 64* 37 49”, the true altitude of the ſun's eben and 
conſequently the ſun's true zenith diſtance 25 22 11”, But 
the ſame was found from Dr. B ADLEx's obſervations, by my 
tables of refractions and the ſun's Dun, 28 &' 32. 
The difference 2 38“ 21/8 or 2* 38“ 22” is the difference of 
latitude of the two Obſervatories, which added to 48* 50' 14”, 
the latitude of the Royal Obſervatory at Paris, gives 51 287 36“ 
for the latitude of the Royal Obſervatory at Greenwich, or 
only 4” leſs than before ſtated from the Greenwich obſervations, 
the difference lying the contrary way to that which the Abbe 
| DE LA CAILLE carried the latitude of Greenwich, by impro- 
I perly applying his own table of refractions to the Greenwich 
obſervations as well as to his own. 

The Abbe DE La CAILLE having, in the ſequel of his me- 
moir, inferred the difference of latitude of Gottingen and the 
Collogs of Mazarine from 22 ſtars en by M. MAxER 
with 
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remarks-on. this compariſon, becauſe it appears to me to afford 
a ſtrong argument to ſhew that the Abbe DE LA Ca ILLE'sS re- 
fractions are too great; and that Mayer's, which agree with 


Dr. BRADLEY's, are juſt. The Abbe, after correcting the 
Tnith diſtances of 22 ſtars obſerved at both places by his o n 
table of refractions, finds the difference of latitude of Gottin- 


gen and Paris, by a mean, to be 2* 400 35% 1, which added 
to 48® 51“ 29“, 3, the latitude of the College of Mazarine» 
gires him the latitude of M. Mayer's Obſervatory 51 32' 4 4. 
He adds, that ſome obſervations of the pole ſtar ſent to him 
by M. Mays would give the latitude of Gottingen 19” leſs 
than he has eſtabliſhed it, as juſt mentioned. Now I find, 


| that if M. Markn's obſervations of the pole ſtar, as well as of 


the ſtars to the ſouth. of the zenith, be corrected by M. 


obſervations by his table of refractions, the latitude reſulting 


tingen in the manner above-mentioned, there remains 51* 31 
45,4 the latitude which he found by the pole ſtar; to which 
aiding 52//,8, the refraction at the mean height of the pole 
ſtar according to the Abbe DE La CAILLE, the ſum 51 32” 


obſervations, which diminiſhed by 45,6, M. Marver's re- 
_— gives the true latitude of M. Mayer's Obſervatory 
1 31 52/7,6. But by the difference of the Abbe DE LA 


Vol. LAXVIL A a the 


Fs } Longitide if the Roy! Olfroanry at ws. - 177 
h 2 6: fert mural quadrant of B'. conſtruction, c. 
afoadent to the ſame obſerved by himſelf, I ſhall make ſome 


MaveR's table of refractions, and the Abbe DE La CAILLE'sͤC 
from M. MAvER's obſervations of the pole ſtar will agree to 
1 with that reſulting from the difference of latitude by the 


ſtars to the ſouth; for ſubtracting 19“ from 51 32 4% 4, the 
latitude which the Abbe DE LA CAILLE * alſigned to Got- 


38% 2 muſt be the apparent height of the pole by Mr. Mavzr's 


3 s and M. MAyER's zenith diſtances of the 22 ſtars to 


| + 


the Sobth, urea ch by fate own abc of Re 
find the difference of latitude '2* 40” 32 „0, 28%, 2551 
7 95 22 8; 25 3. 32% 0, 26%, 27% 2, 24 7. 25” 0 
of 53. 23 2, 17 56, 28%, * 16% 77 22” „o, 23 58, 
„„ wy” 3, the mean of which is 27 40 175 6, which, 
added to 48 51” 29“, 3, the latitude of the College « of Mazarine, 
gives the latitude of Gottingen $1*31" 354 „9, or only 23 
more than I have deduced above from M. Mayes” s obſerva- 
tions of the pole ſtar rightly corrected, and only 0% 9 leſs than 
z ſet down in M. MaveR' s tables, which he expreſsly ſays, 
: p. 48. of the precepts to his ſolar and lunar tables, publiſhed 
by myſelf for the Commiſſioners of e in 1770, was 
deduced from his own obſervations. _ 

I have before, when I ſhewed the Abbe DE. LA Carty 
refractions to be conſiderably too- great, at the ſame time vin- 
dicated them as fit for his inſtrument, becauſe he deduced them 
in a manner which gave him the apparent elevation of objeds 
above their true place by the ſum of refraction and the « error of 
his inſtrument, if his inſtrument meaſured the zenith diſtances 
too ſmall, as I had concluded it did. The like remark may be ap- 
plied to Dr. BnapLEx s table; for his refractions at the pole and 
equator, having been determined with one and the ſame : quadrant, 
at one time turned to the north to obſerve the apparent zenith 
diſtance of the pole by means of the polar ſtar and other circun- 
polar ſtars, and afterwards to the ſouth to obſerve the apparent 
zenith diſtance of the equator, in the manner before explained, 
muſt neceſſarily be the true refractions, if the inſtrument mea- 
| ſured the true angle; and the ſum. or difference of the true 
refractions and the errors of the inſtrument for theſe zenith 

diſtances, in caſe the inſtrument did not meaſure the true 
angle; and therefore equally proper to correct his obſervations 
whether the total arc was juſt or not. 
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Ang the meridian above the pole were computed by Dr. 


gerable altitudes are as the tangents of the zenith diſtances ; 
which rule is pretty accurately true with reſ pect to the real refrac- 

tions, and would vary but little from the truth for the appa- 
| rent refractions, which would be the ſum or difference of the 


erred from the truth by a very ſmall quantity, not exceeding 


the ſtars above the pole being corrected by the refractions thus 


e vin- this diminiſhed by the obſerved zenith diſtance would give the 
then MW refraction under the pole, or the ſum or difference of the refrac- 
bed tions and the errors of the inſtrument belonging to their reſpec- 


ror of 


ances the ſum or difference of the true refraction and error of the 


be ap- inſtrument. Hence the latitude of Greenwich eſtabliſhed by | 
e and MY Dr. BxaDLEy, with his quadrant, as well as the latitudes of 
Jrant, the Obſervatories at the College of Mazarine and the Cape of 


zenith 
cum- 
Jarent 


tant, and the declinations of the ſtars and the obliquity of 
the ecliptic found by both will be very near the truth, indepen- 


ained, WW feat of the juſtneſs of the total arcs, although their reſpective 
mea refractions may be ſuitable only to their own particular inſtru- 
e true WW nents. But, for the reaſons before given, I apprehend, the 


v enith 
i true 


Dr. BRADLEY's to be very near the truth. 
tions, 


* 


eovel, 


Lan W N the Royal Qbferoatary 4 at D 1 2 . 
| Moreover, from the two refractions thus found at the equa- 
tor and pole, the refractions of the circumpolar ſtars at their 


BRADLEY, from the hypotheſis that the re fractions at conſi- 


true refractions and the errors of the arc, in caſe the total are 
10 or at moſt 20 ſeconds. The obſerved zenith diſtances of 
computed, and ſubtracted from the known co-latitude, gave 


their true diſtances from the north pole, which added to the co- 
latitude gave their true zenith diſtances under the pole; and 


tive Zenith diſtances; and thus his whole table would exhibit 


Good Hope, ſettled by the Abbe DE La CAILLE with his ſex- 


Abbe De La CAILLE's refractions to be much too large, and 


Aaz I can 
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180 Dr. Mamxnzrynn's Obſervations on the Latitude © | 
I dall now cloſe my enquiry into the latitudes of Green. 
wich and Paris, and Dr. BxaDLEy's and the Abbe DR LA 
CairlLF's refractions, by a remark naturally ariſing from my 
compariſon of, and endeavours to reconcile, their obſervations, 
- which I deſire to ſubmit to the conſideration of aſtronomers, j it 
not having, that I know of, been made before; that a table of 
refractions ſhould be made for every vertical inſtrument from 
obſervations made with itſelf turned alternately north and 
ſouth; and that the table, ſo made, applied” to obſervations 
made with it, will give the true zenith diſtances, whether the 
total arc of the inſtrument be accurately juſt, or affected with 
a ſmall error, or however unequally it be divided below the 

pole, provided the diviſions are equal between themſelves i in 
the part of the inſtrument lying between * equator, the 
zenith, and the pole. 


2 remains to give ſome account of the longitude of Greens 
wich, or rather of the difference of meridians of Greenwich 
and Paris, in reply to the late M. Casint's doubts on the ſub- 
ject. This had been ſettled by Dr. BxavLEy at 9“ 20“, as he 
informed me himſelf, and that he had deduced it from eclipſes 
of Jupiter's firſt ſatellite obſerved at both places, and that he 
had found it come out the ſame both from the immerſions and 
emerſions. This quantity had been inſerted in the table of Ml - 
| latitudes and longitudes of places, prefixed to Dr. Harrsr's 
tables, on the authority of Dr. BraDLEy, ſo long ago as the 
year 1749, the date of the publication of thoſe tables, and 
was generally admitted by aſtronomers till the year 1763, 
when the late Mr. JaMEes Shokr, F. R. S. computed it from 
the four tranſits of Mercury over the ſun in 1723, 1736, 1743, 
and 1753, obſerved at Paris, London, and Greenwich, to be cor 


9' 16”, See ' Philooph ical Tranſactions, Vol. LIII. p. 158. In 
the 
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the year 1776, I requeſted the late Mr. WancznrTin, the 


learned Secretary of the Royal Academy of Sciences at Stock- 
holm, and Author of the improved Tables for computing 
the Eclipſes of Jupiter's Satellites, who collected obſervations 
of them from the principal Obſervatories of Europe, in order 
| tothe further improvement of the tables, to inform me what 
Jifference-of meridians of Greenwich and Paris reſulted from 


my laſt ten years obſervations of the eclipſes of the firſt' ſatel- 


lite of Jupiter compared with thoſe made by M. MxssrEx at 
paris. In the anſwer which he favonred me with; inſerted in 
| the Philoſophical Tranſactions, Vol. LXVII. p. 162. he ſet 
down the reſult of the compariſons of eight correſponding im- 
merſions and nine emerſions obſerved on both parts, by myſelf 1 
ard M. MxssiER, from which he deduced the difference of 


meridians of the Royal Obfervatories of Greenwich and Paris 


935”. By two correſponding immerſions and nine correſpond- | 
ing een obferved at both Royal Obſervatories, he found 
21“. From the obſervations made between 1761 and 2764 
he found 9 28”. By the obſervations made before 1700, 


217. And, from a compariſon of mine and the Pariſian ob- 
. with the intermediate help of his own made at 
Stockholm, 9' 26”: and from _ whole he inferred the dif- 
ference of meridians to be 97 25%. 
Twelve years having elapſed Bocce Mr. Wancenmin com- 


pariſon, I was deſirous to ſee what would reſult from the fur- 
ther obſervations made during that time, and applied to the Comte 


Cass IxI, the reſpectable heir of the late M. CAssINI DE THury 


and his ſucceſſor at the Royal Obſervatory, and to the celebrated 
M. Mxssikn, to favour me with ſuch of their obſervations + 
of the eclipſes of the firſt ſatellite of Jupiter as had been made 
correſpondent to mine. Theſe they immediately ſent - me in 
the 


n. M. Vojert | 
tha moſt obliging m manner, „ by which 11 am 5 to ogy 
further inferences concerning the difference of our meridiang, 
a8 exhibited 1 in the two following tables; in reference to which 
it is to be underſtood, that all the obſervations at Greenwich 
were made with a 46-inch achromatic teleſcope of 3,6 inches 
aperture, except a few otherwiſe noted as obſerved with 2 
6-feet Newtonian reflector, whoſe aperture is 9.4 inches; and 
once with a 2- feet Gregorian reflector, whoſe aperture is 4.5 
inches; and once with an 18-inch Gregorian reflector, with 
an aperture of 4,4 inches, furniſhed with new metals of Mr. 
_ EpwarDs's brilliant compoſition, deſcribed i in the Appendix to 
3 Nautical Almanac of the preſent year, which reflects as 
3 much of the incident light as an achromatic teleſcope tranſmits; 
and that 1 in making out "the columns, intitled difference of me- 
ridians corrected, I have ſubtracted 7 from the immerſions 
and added as much to the emerſions obſerved with the 6- feet 
reflector, and added 13 to the immerſions and ſubtracted as 
much from the emerſions obſerved with the 2: feet reflector, to 
reduce them to what they ſhould have been probably obſerved 
at with the 46-inch achromatic teleſcope, and added 5” to the 
time of the emerſion obſerved on Sept. 5, 1784 at the Royal 
Obſervatory at Paris, with a 5-feet reflector of DoL.LowD, to 
reduce it to o the 3x feet achromatic teleſcope. 
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FR r of b-'R Royal 20 6 min uk. a; MY 
_ of meridians of the Royal Obſervatories at Greenwich and Paris, by N [| 
— of eclipſes of — firſt ſatellite, oblerved at both places. Ul 
118 —— ar | Circumſtances of | Circumſt inces of N 
Difference] Diff. of the obſervations at | the obſervations at 
| of [meridians | _. Greenwich, | the Royal Obſer- 
meridians. corrected, ; _ | vatory at Paris. 
DG HE Os = 
JJ 8 5 | 
70, Jan. 11 9 22 | 9 29 F. Limbs undulating. 
wer 180 9 38 | 9 45 F.; air a little hazy. Air very clear. 
1780, Jan. 14 9 5 9 5 | Air very clear. Ee. 
Mar. 180 9 36 | 9 16 | Air very clear, Air hazy. 
J os os RC. Air a little hazy. 
8-5 3 In comat with], . 
1785, Oct. * | 9 II Jupiter's body. | Alittle hazy. 
Mean of 6 imm. 9 17 7 9 19 5 | : 8 I 2 nn. 
5 By Emerfions. 5 Circumſtances of | Circumſtances of 
Difference Diff. of the obſervations at | the obſervations at: 
of — | meridians| Greenwich, | the Royal Obſer- 
! — ß. RR Vatory at Paris. 
1173, Nov. 1] 9 io | 9 3 | OF. Air a little hazy. | 
1775, Feb. 15] 10 44 10 37 6 F. Twilight Air very clear. 
Mar. 17] 9 43: | 9 36 (F. Air a little hazy. | Air very clear. 
1178, Mar. 13] 10 46 10 40 | —Bright moonſhine. | 8 
r. 14 9.46 2 4% Ar ber. 
1179, Mar. 30 10 43 | | Air hazy... - 
„ 5 1 e. 'refletor, Air g 
Apr. | 9 56 | a { very cleat. 
1781, May 24] 949 | 2 Air very clear. | 
1 9 © }j — — Air very clear. 
1182, Aug. 29 . Air very clear. 
5 . The ſat. very near 
1783, Aug, 4 8 54 Air very clear. { r 1 5 
I Air very clear, but] f Limbs undulating: 
Ot. 26 9 45 9 3 Jupiter low. | much, 
as | 1 IO. 3 feet reflector by 
1784, Sept. 5 9. 4 9 9 Air very clear. (Peron. magni- 
b R——__ —— | © fying 459 times. 
178 conn „ | \ 18 inch reflector, 
55 Nov. gf 9 26 9 26 new metals. [ | 
5 16 945 | 9 45 — Hazy. 
Meanoft gemer.| 9 44,4 9 42 | 
Mean of 6 imm. M De, 9 19 
Is . | 
Mean of 3 | . 
means 931 9 393 1 wy 
eee 8 es ny 
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„ De Wen s — on the Latitade 


Before the 24th of May, 1781, a 31 · feet achromatic db 
* of DoLLonD, of 42 lines aperture, that was but a 
indifferent one, was made uſe of at the Royal Obſervatory at 


Paris. From that time a. very good one was s ernpioyed of the 


ſame ſize and aperture. 


Difference of meridians: of the Royal Obſervatory of Green. 
wich and the Hotel de Clugny at Paris, 2” of time Eaſt of 
the Royal Obſervatory, deduced from obſervations of eclipſe 
of 9 s firſt 2 obſerved. at both places, 


I — - | Circumſtances "of —— of 
Difference] Diff. of | the obſervations at the obſervations at 
| - of | meridians | Greenwich. | Hotel deClugny, 
[meridians. orrected. 5 
— al  @ © | 
dos 1 9-86 1 — Air very clear. 
0 1 90 17 6 F. Air very clear. 
| S322 1 0m. Jupiter a. little hazy. 
17775 3 9 933 | | | Air very, clear, 
Nov. 7] 9 23 9 23. | Air hazy. Air very clear. 
1779, Jan. 11] 10 18 10 25 F. | Air very clear, 
= 2 T 30 6 F. air a little hazy. Air very clear, 
Dec. 22] 8 10 10 Air very clear. A little hazy, 
| 1780, Jan. 7] 9 39 |} 9 39 Air very clear, Air very clear. 
e 144 9 40 | 9 40 Air very clear. Air very clear, 
Mar. 180 9 2 9 2 Air very clear, very clear. 
J << EE 
3781, Feb. 26| 8 48 8 48 . | N's limb undulates.. | N 
„ S152] =>  --: r 
> Apr. 13 9 16 | 9 16 — — | Jupiter ill defined, 
1783, July . 8] 9 58 . E.. Air very clear. 
1786, Sept. 4] 9 19 | 9 19 Air very clear, 
Dec. 30 9 31 | 9 31 Air very clear. | Very hazy. 
1E 9 22,51 9 23,7 


| 


— 1 


p W 


Man Lego the Bat Orr Greenwich, un 


. Y 


: 


2 _— 


{ 


Air very 
Air a little 
Air a little hazy, 


. | = | 
— — — Ry 


2 ey = 


the obſervations at 
the Hotel de Clugny. 


Air very e 


Air very clear, 


3 


1 as very clear. 


Air very clear. 
Air hazy. 


A little hazy. 


Air very clear, 


Air very clear. 


| Air very clear, 


clear, 


| [Air hazy, 
— 


| 


| M. Mess1zn's achrom. teleſcope is of a 
feet focus, 40 lines aperture, with mag- 


140. 


[Difference Diff. of the obſervations at 
of [meridians Greenwich, 
idians.corrected. | | 

g 4 44 | 8 11 3 

9 31 [9 24 (6 F. Twilight. 

; a 96 2 | 8 64 [O23 - 
913 9 6 [|6F. Air a little hazy. 
en. © 1C [©1881 _ 4 
won vt i $57 Air very clear. 
ſt of 9 13 | 9 13 Air very clear. 
ipſ 9 22 9 22 clear. 
IPles 8 48 | 8 48 | = 3 
915 | 915 — 
: \-Y 37 -| Y *F Air hazy 
oT 10 11 | 16 12 | . 
us at 9 29 | 9 22 |6F. . 
ay. 9 28 [9 28 Ar very clear. 

9 37 | 4 

9 10 9 10 — — 

"SW 198 --- 

9 23 | 9 23 Air very clear. 
| 9 40 | 9 40 Air very clear, 

9 9 30 Air very clear, 
un 3 1 refleQor, | 
: 3 y 3s 3 "3 5 new metals. 
; 3] 9 12 | 9 12 | Air very clear. 

: 9 58 | 9g 58 Air a little hazy, 
S Meanof2z2emer.| 9 22 9 20,7 
: Meanof18 imm. 9 22,5 9 23,7 . 
: = 6 — — nifying powers of 70 and 
Mean by both 9 22 2 
| Royal Obſerv. ; Z 0 : 
1 ref Hotel | 8 wn 22 
ned. 2 Clugny 1 E 
5 Dif, of merid. 
| of the Royal 9 20 9 20 
obſervatories 


_ 


I 


tes themſelves, is 9' 30%; 


Yor. LXXVII. 


Hence the * . — of the two r Obſer> 
wories, by the obſervations made in the Royal Obſervato- 


and by the obſervations made by 
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M. 
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nation than to the former in the ratio of 2 to 1, on account of 


baſe on Hounſlow- Heath, may alſo, when completed, deter- 


"Dr. Market's « Obſervations. 2 the Latitade” KY 
M. Massizn, at the Hotel de Clugny, and reduced to he 


Royal Obſervatory is 9' 20”. The mean of both reſults is 
9 25”. But if greater weight be given to the latter determi. 


the ſeries of M. Mess1Er's obſervations _ wu moſt com. 
plete, the difference of meridians will be 9 23%. 
M. dv Sxjous, in the Memoires of the Royal Academy of 
Sciences for 1771, found g' 20”, as well from the beginning 
as end of the ſolar eclipſe of 1 769. M. MEcHnain, the learned 
editor of the Connoiſſance des Temps, informs me, that from 
the immerſions of Celeno and Maia at the moon's limb, on 
March 5th laſt year, he has found by calculation from M. 
Mess1ER's obſervations - compared with mine 9 19,9 and 
9 17% 9, or by a mean 9 18,9; but, by his own obſervations 
compared in like manner, he makes it alittle more than. 9“ 20”, 
He regulated his clock by correſponding altitudes ;- but M. 
Mzss1ER corrected his. by a tranſit inſtrument, which, how 
ever, has no meridian.” mark. For the preſent, I infer, We 
may take the difference of meridians 9“ 20“, as being within 
a very few ſeconds of the truth, till ſome more occultations of 
fixed ſtars by the moon, already obſerved, or hereafter to be 
obſerved, in favourable circumſtances, and carefully calculated, 
ſhall enable us to eſtabliſh, it with the laſt exactneſs. To col 
le& and calculate ſuch. obſervations. I have not leiſure at pre- 
ſent ; but the field of calculation is equally open to the cele- 
brated aſtronomers of Paris, the obſervations made at. this 
place being now publiſhed annually. 

The extenfive geometrical operations recommended by the 
late M. CAssINI DE Favsy, and commenced under the direc- 
tion of Major-general Ror, F. R. S. by his exact meaſure of a 


nnne 


February 21, 1787. 


| ond Longitude of the Royal Obſervatory at Greenwich. 187 


mine the difference of meridians of Greenwich and Paris to 


great exactneſs. But they do not ſeem to me likely to throw 
any new light on the difference of latitude of the two Obſer- 
ratories, becauſe the uncertainty we are ſtill under about the 
true figure and dimenſions of the earth, and the Irregular attrac- 
tions ariſing from the irregular external figure and unequal den- 


ſity of the internal parts of the earth would prevent vs from draws 


ing any accurate concluſions, or ſuch as we could confide in, from 


thoſe geometrical meaſures, with reſpect to ſo large a quantity 
as 2* 38“ 26“/the difference of latitude ; and, at all events, it 


muſt be leſs exact, as it is leſs direct, to determine the difference 
of latitude of two. places from the meaſured diſtance of the 


two parallels compared with the length of a degree in the in- 


termediate latitude, inferred from former meaſures of degrees, 
which were themſelves determined with the help of aſtrono- 
mical obſervations, than to infer 1 it from the immediate aſtro- 
nomical obſeryations made at the two obſervatories, in the 
manner J have already deduced i it. 


NE VII MASKELVNE, 
Aſtronomer Royal. 


Greenwich, 


that in 
ceeded with the ſeries of triangles from Hounſſow-Heath to the 
neighbourhood of Dover; but the contrivance and conſtruction 
of an inſtrument, new of its kind, propoſed to be made uſe of, 
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XIX. An Account of the Mode yropoſed to be followed in dur. 
mining the relative Situation of the Royal Obſervatori- of 
Greenwich and Paris. By Major-General Wilham Roy, 
F. R. S. and A. S. 


Read Pebruary 28, 1787. 


bo WO years have nearly elapſed ſince an account of the 
meaſurement of a baſe on Hounſlow-Heath was laid 


before the Royal Society, being the firſt part of an operation 


5 ordered by his Majeſty to be executed for the immediate pur- 
| pole of aſcertaining the relative ſituations of the Royal Obſer- } 
vatories of Greenwich and Paris; but whoſe chief and ulti- 
mate object has always been conſidered of a ſtill more impor- 


tant nature, namely, the laying the foundation of a general 
ſurvey of the Britiſh Iſlands. 


When the operation commenced in 1784, i it was not doubted, 
1786, at lateſt, we ſhould have been able to have pro- 


and more particularly the nicety of its diviſion, whereby it is 
hoped the angles may be determined to a degree of preciſion 
hitherto unexampled, have required much more time than Mr. 

2 5 RAMs DER 


„ Kor- ; Account, Er. 


RAMSDEN FW, at firſt imagined. Without meaning to 
kGppoint, this ingenious artiſt was perhaps in the outſet too 
remiſs and dilatory, and accidents having happened when 1 
workmanſhip was already far advanced, which he could net 
foreſee or prevent, the execution has thereby been greatly re- 
tarded. However, ſince the inſtrument may at preſent be con- 


ſected being only of the ſmaller kind), we may fairly conclude, 
that early in the enſuing ſummer, or as foon as the weather ini 
this country will permit, the trigonometrical operation may be 
begun. In this ftate of things, 1 have therefore judged that 
it might be proper to lay before the Society a ſhort n * 

the mode which is propoſed to be followed in ful- a— 
{lling his Majeſty's commands, accompanied by a 
very ſlight general map of the country, only col- 
k&ed from the common ſurveys, but till ſuffi- 
cient to ſhew nearly the diſpoſition of the triangles 
that will be made uſe of in forming the junctions 
between the meridians of the two Obſervatories. | 
ln this buſineſs it will be underſtood, that I mean 
to adhere to ſuch principles as have been univer- | 
ally received and admitted as juſt. | 
In every ſeries of triangles where each angle is | 
to be actually obſerved with the ſame inſtrument, [| | 
they ſhould, as near as the circumſtances wilt: |" _ 
permit, be equilateral : : for were it poſſible to 
chooſe the ſtations in ſuch a manner as that each | - —| 
wple ſhould be exactly 60 degrees, the half num- k 
ber of triangles in the ſeries, multiplied by the * 
length of one fide, would, as in the annexed *© 
igure, give at once the total diſtance; not only the ades of 
the 
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fdered as nearly finiſhed (ſuch parts as yet remain to be per- 
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would be alternately ſo throughout the whole length. The 


H, of about half its length ; and the laſt fide to be * by 
can be actually obſerved, theſe ſhould be as near as poſlible each 
chance there will be of any conſiderable error in che! inter. 


ſection. | 


| tageous circumſtances attending its fituation, which the bare 
inſpection of the map will render obvious, ſeeming to me to 


on the left are placed on the great range of chalk hills, which 


Cape Blancnez .and Calais. 


Harrow and Hampſtead, and come acroſs the ſmoke of the 


the ſcale or ladder would be perfect. y parallel, but the diagond 
ſteps, marking the progreſs from one extremity to the other, 


firſt fide is ſuppoſed to be found by the meaſurement of a baſe 


ſuch another baſe R at the oppoſite extremity. 
In any particular caſe, where only two angles of a triangle 


4. 5 degrees. At any rate their ſum ſhould not differ much from 
99*; for the leſs the computed angle differs from go0?, the leſ; 


NRomney-Marſb, from its levelneſs, as well as other advan- 


afford. the beſt baſe of verification for the laſt triangle, I have 
given the ſeries the ſhorteſt direction from Hounſlow-Heath 
to that part of Kent. The right hand ſtations occupy in 
general the heights which extend acroſs the Wealds. Tho: 


end, on our ſide of the Channel, between Folkſtone and Wal- 
mer- Caſtle, and re · commence on the oppoſite ſide between 


It will be perceived, that I do not mean to make St. Paul's 

a ſtation in the ſuite ; becauſe in that caſe Harrow and Hamp- 
ſtead muſt likewiſe have been made uſe of, all three extremely 
inconvenient for the reception of the great inſtrument. Beſides, 
Greenwich Obſervatory being hidden from the country to the 


ſouth-weſt by the Norwood heights, and from that to the im 
ſouth-eaſt by Shooter s-Hill, after having made the detour of D 
| 


Ca pital, 


4 1 Wee Opedatie. ; vv 
oil, we ſhould ſtill have been obliged to mike uſe of the 
two ſtations of Norwood and Shooter's-hill, without procuring 
ſo good an interſection of Bottle-hill, called in the common 
maps (I believe erroneouſly) Botley- hill, as is obtained by 
means of the ſtation at the Hundred-acre-houſe. But although 
none of the ſtations of the feries actually fall within London, ne- 
jertheleſs, from thoſe in its vicinity, viz. the Pagoda, N orwood, 
Greenwich Obſervatory, and Shooter's-hill, we ſhall equally 


Harrow, Hampſtead, and St. Paul's, as well as many other 
chief ſteeples within the limits of the Capital. 
Another principle I have endeavoured to adhere to, in the 


fides in length from 12 to 18 miles, I continue them at that 
length as much as the circumſtances will permit; for, if they 


ſubſequent contraction towards the cloſe of the operation. 

The tower of Tenterden church, being a very conſpicuous 
object, may be ſeen « every where from the fummit of the chalk 
hills, as far weſt as the river Medway. It likewiſe may be ſeen 


aſt triangle, Tenterden, Lid, Allington Knoll, is propofed to 
be verified. This knoll is itfelf a very remarkable object, 


at ohe time thoughts of occupying. The high ground which 
kparates Romney-marſh from the Wealds of Kent, paſſes 


have it in our power to determine accurately the ſituations of 


kſpoſition. of the triangles, is this, that, after having obtained 


came to be reduced conſiderably below that extent, the obvious. 
advantages of a long baſe at the outſet would be loſt, by the 


from. the eaſtern extremity- of the ſecond baſe, whereby the 


more acceſſible, and in other reſpects more proper too for the 
purpoſe of a ſtation than Lymne church ſteeple, which I had 


immediately behind Ruckinge, that is to fay, to the north- 
veſtward of it, and may therefore probably prevent the top of 
the chalk hills from being ſeen from the weſt end of the baſe 

1 3 
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of verification ; but if 7. atterlees- Berns, or any other point o 
the range near it, can be ſeen from Ruckinge, then the ſt 
tion on the knoll, as well as that at Lymne, will become 
6 equally unneceſſary, and the triangle of verification will be. 
come Tenterden, Lid, Tatterlees. 
It will be perceived, that I propoſe to have a Ration on 
Paurlight Head, a land of conſiderable height, from whence 
| there is a good view of the, coaſt of France near Boulogne. 
From this point and Tatterlees, with the help of the Indian 
lights, I have no doubt of obtaining a fine interſection of the 
ſignal of the Boulemberg, a hull of ſome note behind the town 
of Boulogne, and one of the ſtations made uſe of by the 
French Academicians in the execution of their triangles. The 
advantages of obtaining a triangle of this magnitude, whole 
ſides are reſpe&tively i in length about 45, 36, and 25 miles, ar 
too obvious to require any comment. 
The high chalk cliffs near Folkſtone prevent Dover Cot 
from bein g ſeen from Lid, or any where in the plain of 
Romney-marſh. Hence it will become neceſſary to form two 
ſmall triangles to the northward of Tatterlees, in order to 
obtain an interſection of one of the turrets of the keep of that 
caſtle. Of the center of the keep, it will be perceived, by the 
ſtrong dotted lines, that the French Academicians have pro- 
cured, from their ſtations at Calais, Blancnex, and Auding- 
hen, an acute interſection (de la Graſſe Te our de Dowvre:) 
making in the whole an angle of 28* 167 on”. 
The points which are obviouſly the beſt for conneing our 

triangles with thoſe of our neighbours, are the Boulemberyz 
Blancnez, and Calais, provided we could by any means obtain 


® Tatterlees Barn, in Pacxz's Map of Eaſt Kent, on the fummit of the 


ehalk hills, 727 feer above the fea, 
4 


— — — ————— — m 
A a. 


8 good an interſection of the laſt as we are certain of getting of 
the two firſt; but the breadth of the range of chalk hills 


by confining ourſelves to ſuch a baſe as they will afford us, we 


than about 29 or 30“. 

Thinking that poſſibly from St. Peter's church in the iſle of 
Thanet the tower of Notre Dame at Calais may be ſeen, I have 

atended dotted triangles into that part of Kent ; becauſe, if 

the united heights ſhould not be ſufficient to raiſe the top of 

the tower above the curvature of the ſea, which is the only 


Blancnes may, by means of the Indian lights, be eaſily ſeen, 


weather 1 1s tolerably clear. N | 


the point M near Dunkirk, where the meridian of the Royal 


The diſtance MP, on the meridian of Paris, will then be had; 
nd that being added to 133417 fathoms, the diſtance of M 


terreſtrial arc, comprehended between the parallels of the twee 
Obſervatories, anſwering to an arc in the heavens of 20 380 
6“, or a difference of latitude between 51 1 280 40% and 
a6 507 I 4. | | 2 7 2 
Vol. LXXVIL Cc 
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being little different on our fide from what it is on theirs, 


cannot any way obtain an interſected angle at Calais greater 


thing to be doubted, we are always certain, that the ſignal of 


face the whole range of chalk hills behind Calais are dif- 
orered with the naked eye from the iſle of Thanet, when as 


Having in this manner aſcertained the relative ſituations, 
with regard to the coaſt of England, of three points on the 
walt of France, forming a triangle whoſe ſides and angles 
ve already know from their trigonometrical operations, we 
hall in like manner be enabled to determine the ſituation of 


Obſervatory of Paris interſects a line drawn from the great 
tower of Dunkirk to that of N. D. at Calais. (See Tab. IX. } 


Wrthward from the Royal Obſervatory, we ſhall have the total 
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In like manner the diſtance from Greenwich to P, on the 
parallel of Greenwich, will then be readily computed, anſwer. 
ing to the difference of longitude between the two Obſery, 

tories ; which, as far as can be judged from the map of Key, 
corrected for the error in the direction of its meridian, amountz 
to about 2. 20“ 20”, ſuppoſing always that no uncertainty 

remains with regard to the poſition of the point M. But hen 


ſome remarks become neceſſary, which may probably ſugpeſ p 
to the Academy of Sciences, that a further * fl © 


this matter may be needful on their part. 
By referring to the 57th page of the firſt part of M. Ca- 
sixi's Book (La Meridienne verifite), it will be ſeen, that Duu- 
kirk, by one ſeries of triangles, is eaſtward from the meridia 
of Paris 1426.53, and by another 1414.29 toiſes, whereof the 
mean is 1420.41,cqual to 1514 fathoms. This difference of 6: 
fathoms, or little more than half a ſecond of longitude between 
the mean and extreme places of M, is certainly very inconſ- 
derable. But in the Goth page, where, in verifying the mer. 


I dian of Paris, by the compariſon of the angle that Broulezel a 

i makes with the meridian of Dunkirk, and the angle of con- 2 

vergence of one meridian to the other, a difference of 21 f. of f 

1 | conds between 102? 16” I T / and 10 16' 20", i 15 alledged to be join 

0 almoſt inſenſible, we do not think to be a concluſion fo uner- p 

N | ceptionable. This, however, is not the only cauſe of unce: Du 
| 


tainty with regard to the juſt poſition of the point M: one 
more importance ariſes, from the difference that is found bf 
two ſets of triangles in the angle of interſection of the metr 
dian of Paris, with a line drawn a M from the tower 
of Dunkirk to that of Calais. 
Thus, by p. 53. and 56. of the firſt part of M. C as51N13 


book, Dunkirk . the ſtation, Broulezele makes an aug 
wit 


we * 4 — 
: = Does 
— S aa rig oe 
— Ws” . 
- WW ad. - 
4 . LI K 5 
k y 
I ay 2 = 8 2 aw 
_— D£AreLaaSNE RN ERC CG SL 
ee eee 


— — —— ____—_ 
= PI WERE Te 8 — £5 

* atone 

" 4 ——_ = ee ö — 

— © — — - X TC — — 2 —— 2 
N — 

_ a 1 = i —— 
- - — — — — —— ̃ — 4 — —_— 


IE 


E 
2 
1 _ N 
— 


4 — C _ 0 5 . a 2 r Jaw 
— - <a ET — I _ 
— — - — — — v4 — x = — n — 4 — ny . 
4 Woe Fo , : 8 - — 4 TIER 
— * * * „ * 
. > Gee Sc. rea” Es ME EE nts — 8 
5 , eller W 111 k < 


——_—C—_——  — 2 — 
9 
: 
rr 2 = 7 2 4 — wn 
* * — MEER? xv — 
— ——— — — — — 


g”—  - 


with the meridian of 10 18” 250 towards the ſouth-weſt : and 
the angle between Broulezele and Hondſcote being 78 11 42”, 


their difference 67 53“ 17” is the angle that Hondſcote is 


aſt angle to 180?, vz. 112 67043“ is the angle that Hondſcote 


p. 166. of the ſecond part, Dunkirk being the ſtation, the 
mw 1 Hondſcote and Mont-Caſſel is ſhewn to " 
517025“; that between Mont - Caſſel and Watten od 6 3 


bs The ſum of theſe three angles is 144 54 10”, from which 
2 deducting 67 53“ 17” the angle that Hondſcote is ſouth- 
2ridian - 
of th aſtward from the meridian, there remain 77 O 53“ for the 
* angle of Calais ſouth- weſtward from *1 and the complement 


of this angle to 180, vis. 102 597 %, becomes the angle that 


mer 


nh convergence of one meridian to the other 1” 50, correſponding 
) | 


to the diſtance of 1514 fathoms, equal to 1” 29” 3 of a great cir- 


4 cle, we ſhall have 103' o' 57“ 1 for the angle which the meridian 
0b of Paris produced northward from M makes with the line 


joining Dunkirk and Calais. 


Une 
uncel- 
one 0 
nd by 
n meli 
tower 


the meridian ſouth-weſtward is 72 11“ 48”; and by p. 12. 


Calais is Fr 39 50“: allo that between Gravelines and Calais 


? 
$SINI 


angle 
wit 
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ſouth· eaſt from the meridian ; whetefore the complement of this 


makes with the meridian of Dunkirk produced northward. By 


and by p. 16. that between Watten and Calais is 51* 40“ 20”. 


the meridian of Dunkirk produced northward makes with a line 
drawn through M to Calais : to which laſt adding the angle of 


Again, by p. 63. of the third part of M. Chon s book, 
Dunkirk being the ſtation, the angle that Gravelines makes with 


of the ſaid third part, the angle between Watten and N. 1. 


8 56* 2 o'. Now the difference between theſe two laſt 


4 47 50” being added to 72 11 Loh / we ſhall have 76˙ 59“ 
38%. and its complement 103* O“ 22”, for the angles that the 
meridian of Dunkirk makes with the line drawn from thence 
1 the point M to Calais: to which laſt angle adding 
Cc - the 


| 296 . Rov's Ae. aun of @ | 
the former comvengenes 1' 50% 4, we have 103* 2 1274 fh 
the angle that the meridian of Paris produced northward from 
M makes with the faid line; but by the former ſet of an gles 
jt was found to be only 109? o. 57“ . wherefore the differen 
3154 
From M. Cassint's book it appears, that Dunkirk is north 
from Paris 125515-25 toiſes, which make 133768 fathoms; and 
the point M being ſouth from the tower of Dunkirk 351 fathoms, 
there remains for the diſtance of M northward from the Royal 
Obſervatory 133417 fathoms. . with this diſtance 2 
5 an. the value of an angle of 1' 15” is 484 fathoms, equi 
to 4 34 of longitude. - Thus the point M, inſtead of being 
nt from Dunkirk 1514 fathoms, will, by the laſt ſet of 
angles, only be removed from it 1465 fathoms: wherefore 
the difference between the mean and extreme places of M, in 
this way of confidering 1 it, will amount to 244 fathoms, about 
four times as much as that reſulting from the compariſon ſtated 
in the 57th page. In the parallel of Greenwich the extreme 
difference will amount to 58.4 fathoms, or about 51 ſeconds of 
Jongitude, not much more than one-third part of a ſecond of 
_—_ 
In this ſort of uncertainty, with regard to the preciſe point 
of interſection of the meridian of the Royal Obſervatory of 
Paris with the line joining Dunkirk and Calais, the only 
thing that can be done on our part, is to conſider the mean 
poſition of M as juſt, that is to ſay, to ſuppoſe it to be 1514 
fathoms weſtward from the great tower of Dunkirk, and 
having connected it with the Britiſh triangles, to ſhew then 


what angle its meridian will make with the line drawn from 
Dunkirk to Calais, 


Compariſa 
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Compariſon of the celgſtial arc of the meridian, comprehended 
between the parallels of Greenwich and Perpignan, with the 
correſponding portions, meaſured and computed, of the terręſtrial 
arc of the ſaid: meridian, between M and Perpignan. 


In the conſideration of this matter it is to be obſerved, that 

M. CassInt has divided the celeſtial arc between the parallel 

of Dunkirk, or, which is the ſame thing, between the parallel 

of M and Perpignan, into four principal ſections; viz. that 
from M to Paris, from. Paris to Bourges, from Bourges to' | 
Rodes,.and from Rodes to Perpignan; aſſigning to each ſection- 

the meaſured portion of the correſponding terreſtrial * reſult 

ing from the triangles of the meridian. 


By pages 110, 111, 112, of the firſt part of the book it appears, 

from the mean obſerved zenith diſtances of four ſtars, that the arc 
of the heavens, between. the parallels of Dunkirk and „ , 
contains _ -_ — — — 8 20 2 26 
And from the mean of the obſervations of a like number of ſtars, 

the parallel of Rods is diſtant from that of Dunkirk, _ 6 50 51 14 


Wherefore Rodes 1s north from Ferpignan — 1 39 11 12 


7 7 the mean zenith diſtances of two ſtars, 1s ſouth from | 


Wherefore Bourges is north from  Perpignany a We 3 4 23 2 31 
And by another mean, in p. 112. it is „„ 4 23 2 35 


The mean of which two means gives for PR diſtance of their 
prrallels, — "OS... — — 4 23 2 33 
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Perpignan | is ſouth from the Royal Obſervatory at Paris, by the © "Mi wit 
mean zenith diſtances of four ſtars, — — 6 8 11 62 {1 
Hence Paris is ſouth from Dunkirk WT — 2 11 54M .c 
| Rodes | is ſouth from Paris, by the mean zenith diſtances of two a 
Hence Perpignan 4 is fouth from Rodes, — — 1 39 12 5 De 
And by a former reſult it was found to be, — — I 39 I 12 lat! 
Hence the mean of the two means gives, for the difince of the of 
parallels of Rades and Perpignan, — _ — I 39 11 8 {on 
The tower of the great church at Dunkirk is northward from 9 | 
what was the ſtation of the ſector 844 toiſes, equal to 89.8 fathoms, 
which correſpond to an arc in the heavens of — 0 o 5 19 Fr 
Wherefore the tower is north from 5 — -- 4 v6 Ss 53 | 
1 But the point M is ſouth from the tower 351 fathoms, which ry 
11 anſwer to an arc in the heavens of — = — o o 20 4j ter 
1 Hence the you. M is 2 from the Royal Obſervatory at pli 
| 11 Paris, * — | — oy ET pac :: MW: B9 "35 8 hs WI 
17 Nov, from theſe data, together with the uud of the th 
10 Royal Obſervatory at Greenwich 51* 28” 40“, and that of ap 
1B Paris 48 50” 14”, we ſhall have the latitudes of the ſeveral ey 
100 ſtations beueen Greenwich and Perpignan, with their dif- fit 
1 ferences, or the celeſtial arcs comprehended between them, as th 
0 underneath, | th 
lf | | Stations. Latitudes, Diff. or celeſtial ares. W. 
+ 5 [ 1 | 3 5 | Fay in x 5 10 hl ye 
v1! Greenwich Royal Obſervatory, — 51 28 40 o 26 50 52 
301 Point M near Dunkirk, — — $1 1 0 8 | qc 
nn Paris Royal Obſervatory, — =— e 8 Mm 
TIN Bourges, 5 _ 47 5 441 145 9 19 NC 
11] Rodes = = 2 44 21 13 36 2 43 51 5 m 
1 Perpignan (St. Faumes) ” $2 42 2 3 I 39 11 28 0 
1438 ; . : : = f 
11H} This latitude of Perpignan 42* 42 2” 8” is what reſults di 
1 | fiom the immediate compariſon of the lengths of the celeſtial 
Wy {1} 
NN. 
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us, as determined by the zenith diſtances of ſtars, taken 
with a ſector of ſix feet radius, and where the obſervations are 
ſo nearly conſiſtent among themſelves, as to leave little doubt 


of their accuracy; but in the 290th page of M. CAssTxi's 


book, ſo often quoted, as well as in the 17oth page of his 
Deſcription Geographique de la Frence, 2 in 1783, the 
latitude of Perpignan is given 420 417 55”, which is * * 
leſs than that deduced from the obſervations, without any rea- 
ſon that J can perceive being aff! igned for the reduction. 
Perpignan, the ſouthernmoſt ſtation of the meridian line 


extending from Dunkirk through the whole kingdom of 
France, is ſituated at no great diſtance from the bottom of the 


Pyrenean mountains, where that lofty range ends at the Medi- 
terranean ſea, M. DE LA CAILLE was of opinion, that the 
plummet of the ſector muſt have been affected by the attraction 


which it would ſuffer from that cauſe; a ſuppoſition which, 
nevertheleſs, has been doubted, ſince the obſervations made i in 
this country on the attraction of Scheballion: for by theſe it 
appeared, that the effect, although ſenſible, was but ſmall, 
even when the ſector was placed as near as poſſible to the oppo- 
ſite ſides of the mountain. It is indeed true, that the Camgou, 
the higheſt of the Pyrenean range, being ſituated obliquely to 
the meridian, and at a conſiderable diſtance from Perpignan, 
would not probably occafion much deviation in the plummet; 
yet, on the other hand, when we compare the very trifling 


quantity of matter in Schehallion with the immenſity of the 


maſs in the Pyrenees, in the direction of the meridian, I can- 


not help being of M. DE LA CAiLLE's opinion, that the plum- 
met of the ſector would be ſenſibly affected, that is to ſay, it 
would be drawn to the ſouthward out of its perpendicular 
direction, and would thereby give the zenith diſtance of the 
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pole, or any dither northern ſtar, too little, 400 — 
latitude too great. Until triangles ſhall have been extends 
heyond the Pyrenees, and the ſector placed on the ſouth ſide of 
the range, the quantity of this attraction (by its double or 
counter- effect) cannot poſlibly be aſcertained. I will, however, 
only ſuppoſe it to have been 10” 8” to be dedufted from the 
latitude of Perpignan, which will then become 42* 41' 52”, 
only three ſeconds 'leſs than that aſſigned to it in M. CAsslxrs 
two books before mentioned. Thus the arc between Rode; 
Aud Perpignan will be 1 39” 21” 36%, and the total celeſtial 
arc between Greenwich and Perpignan will be 82 46“ 48”, a; 
may be ſeen by attending · to the four columns towards the left. 
hand of the annexed table of compariſon. ge 
With regard to the correſponding terreſtrial arc, under 
which head are arranged the eleven columns towards the right- 
hand of the table, it is to be obſerved, that various meaſure- 
ments have at different times been made in different latitudes of 
the lengths of the degrees of the meridian, for the purpoſe of 
obtaining, within certain limits at leaſt, the true figure and 
dimenſions of the earth. The moſt eſſential operations of this 
ſort, as having been executed with moſt care, with the beſt 
inſtruments, and at the greateſt diſtances from each other, 
have all been done within theſe laſt forty or fifty years; namely, 
in Peru under the equator, in middle latitudes in France and 
Italy, and in Lapland near the polar circle. The attraction of 
mountains, and unavoidable errors in the execution, will ever 
prevent juſt concluſions from being drawn from the compariſon 
of meaſurements made too near each other. Theſe laſt will 
always be found to differ more or leſs among themſelves. 
Sometimes even the reſults may become abſurd or contradictory, 


In caſes of this ſort, a mean of ſeveral ſhould no doubt be 
5 6 taken 
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grounds for rejecting any from the number, as differing too 
much from the others. Hence it is, that philoſophers are not 


not ſuch as would be generated by the revolution of a curve 
around its axis. Others have ſuppoſed it to be an ellipſoid ; 

regular, if both polar fides ſhould have the ſame degree of 
flatneſs ; but irregular, if one ſhould be flatter than the other. 


ellipſoid, but ſuch as would be formed, nevertheleſs, by the 


too one polar fide may not be ſimilar to, but more or leſs oblate 
than the other. 


to enable every one to judge, by ſimple inſpection only, which 
of the theories agrees beſt with actual meaſurement, I have 


computed” on ten different hypotheſes, and arranged in their 


: order, the lengths of the arc between Greenwich and Perpig- 
this WW nan; as alſo ſos other chief properties of each figure, which 
belt WW laſt fill up the ſpace towards the bottom of the table. This 


mode of collecting the reſults ſeemed to me to be the moſt 
muſt for ever occur in referring back to, and comparing, many 


whole are not placed before the eye at once. 


to the celeſtial arc, contains the meaſured portions of the cor= 
reſponding terreſtrial arc, as far as they have yet been exe- 
cuted. The blanks at top cannot be ſupplied, until we ſhall 
Vol., LXXVII. © 0 e 
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yet agreed in opinion with regard to the figure of the earth; 


ſome contending, that it has no regular figure, that is to ſay, 


And, laſtly, ſome ſuppoſe it to be a ſpheroid differing from the 


revolution of a curve around its axis ; s although in this caſe 


In order, therefore, to put this matter in its true light, and 


diſtinct that could be followed, to avoid that perplexity which | 
numbers together, computed on different mm 1 when the 


The firſt of the eleven columns, or that which comes next 
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comprehended between the parallels of M and Greenwich. 

In the ſecond calumn are arranged the computed dimenſions 
appertaining to the earth as a ſphere, ſuppoſing its ſemi - diametet 
to be a mean between the longeſt and ſhorteſt of M. Boveuxr', 
ſecond ſpheroid. It is from the magnitude of this ſphere that 
I compute the degrees of a great circle for the ſides of ſpherical 
triangles. By adverting to the errors or differences between the 
meaſurement and computation, in their reſpective places, it 
will obviouſly appear that the earth differs very conſiderably 
from a ſphere : for although the arc M Perpignan of 8*3 only 
exceeds the truth by 609 fathoms ; yet an are of equal length 
at the equator, viz. $*.33 x 374.6, would give an exceſs of 
37 20 fathoms; and at the polar circle 83 33 * 33 5. 2 * give 


a defect of 2792 fathoms. 


After the ſphere follow ſeven ellipſoids of . degrees 
of oblateneſs, from the firſt, whoſe ſemi- diameters have to 
each other the ratio of 179. 047 to 178.047, to the ſeventh, 
where it is only that of 540 to 539. On the principles which 
have ſerved as the foundation of the firſt and ſecond, it will be 
| neceffary to make ſome remarks; but as to the others, a few 
words will ſuffice. for each. : 

With regard to the firſt ellipſoid, fat the earth to be 
homogeneous, it is well known, that the ratio of its ſemi- 
diameters may be found, by comparing with each other the 
lengths of the pendulums that vibrate ſeconds in different lati- 


tudes; which lengths are deduced from the ſeconds of accele- 


ration, that the pendulum, ſo adjuſted, and unalterably fixed 


as to length, at the equator, would perform in 24 hours, on 


being ſucceſſively tranſported to different latitudes, as far a5 
the pole, where the force of gravity being the greateſt, 
the acceleration would likewiſe be the greateſt. The calcu» 
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1 for We were firſt made —— Lord Mor- 
s return from his "PP towards the North Pole in 
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* The moſt northern experiments hitherto made with the pendulum, afe 
thoſe at Spitzbergen, in Jatitude 79" 50, whereof an account has been given in 
the Voyage towards the North Pole in 1773. The machine made uſe of on that 
oecaſion belonged originally to the celebrated watch-maker, Mr. Gzanam, and 
was lent for the purpoſe by its preſent proprietor, Mr. Cumminc, who has fince 
obligingly permitted it to remain for ſeveral years, at two different times, in my 
poſſeſſion, where it now is, Soon after the return from Spitzbergen, J aſcertained 
its rate of going by my obſervatory clock, for a great while together, in very 
different temperatures; and thereby found, that the variation from heat and 
cold, namely, ths of a ſeeond for each degree of Fauxznuzrrt, was conſi - 
derably more than had been allowed for it, in determining the acceleration from 
London to- Spitzbergen. About this time likewiſe, Dr Hoxs EV diſcovered that 
an error had been committed by the aſtronomer (the late Mr. Iszatr Lyons) 
employed by the Board of Longitude on that Voyage, in calculating the ſpherical 
triangle for the correction of the time between the 16th and 17th of July, ou 
account of the obliquity of the tranſit - inſtrument. From Dr, HoxsLey's printed 
letter on this ſubject in 1774, it appears, that the difference from that cauſe 
amounted to 37 ſeconds in time, as given by the obſervation with the inſtrument 
and by the watch, And ſince there was reaſon to ſuſpect, that the teleſcope had 
by accident been moved (one could not tell how much), it was judged ſafeſt to 
adhere to the acceleration 71.08 as given by the watch. The correction for the 
greater contraCtion of the ſteel rod, I found to be 2“. 58 to be ſubtracted, here · 
fore the acceleration from London to Spitzbergen became 68“. 5, and that from 
| the equator to London being 156%, the total acceleration from the equator to 
Spitzbergen conſequently was 224.5. Now, ſuppoſing the length of the pen- 
dulum at the equator to be, as M. Boveves made it, juſt 38.9949 inches, we 
mall have its length at Spitzbergen 39.1978 inches; and thence the ratio of the 
ſemi-diameters of the earth, conſidered as an homogeneous ellipſoid, will be that 
of 193.1 to 192. 1, inſtead of 183.7 to 182.7, which the acceleration 72“. ) 
uncorrefted would have given. And here it ſeems neceſſary to mention ſome 
other miſtakes of computation, inadvertently fallen- into by the aſtronomer, in 
deducing the ratios of the ſemi-diameters of the earth, as ſtated in the 179th 


Page of the Voyage to the North Pole, not hitherto notieed that I kuow of. 
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793 m7: I: 1 In aware that experiments with the pendulom have 
n not ſe yet been! made with that accuracy that the delicacy of their 
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nature 


With the accelerations, indicated in that page as ariſing from different expeti. 
ments, or depending on the ſyſtems of different philoſophers, the length of the 
Spitzbergen pendulum, and conſequently the ratios, ſhould have ſtood as in the 
annexed table, with which it will be perceived they differ very conſiderably, Sir 
IsAac Nxwrox's ratio is placed laſt, as probably differing moſt from the truth, 
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1 — * Ratio of the 
8 EL ſemi diameters| 
8 . of the earth. 
© I | = 0 
) | 39-1964 [194.5 to 193.5 
39.2052 [186.5 to 185.5] 
| 39-2141 (178.8 to 177.8 
| 39- 4 64 193-1 to 192.1 
4 | 39- 1 052 230. to 22% | 
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In this manner the lengths of the 3 having been found for all the 
latitudes where the beſt or moſt conſiſtent experiments had been made on its 
acceleration, and theſe lengths having been ſucceflively compared with each other 
from Spitzbergen to the equator, 119 reſults in the whole were produced, But as 
this number comprehended the compariſons of thoſe at the Cape of Good Hope and | 
the Iſle of France, both in ſouth latitude, theſe being thrown out, as well as the 

Porto Bello pendulum, and ſome few others more irregular than the reſt, there 
remained at laſt 75 reſults, the arithmetical mean of which gave the ratio 
179.047 to 178.047, as mentioned in the text. 

In cafe Mr. Cumminxe's machine ſhould at any time hereafter be employed in "_—_ 
the ſame ſort of experiments, it may be proper to obſerve, that the diameter of il will 
the braſs ball is 3.906 inches, and its weight 63726 Troy grains. The weight fron 
of its bulk of mercury is 106980 Troy grains. Hence the weight of mercuf 7 
is to the weight of this ball of braſs, in air of the heat of 62* of FaurENEEIT) the 
as 1.6787 52 to I; and the weight of this braſs to air is as 7673 to 1. The 
experiments for this purpoſe, in which Dr. Ggon sk FonxpDyvex affiſted, were 
made in the houſe of Mr. ALczonne, at his Majeſty's Mint in the Tower, - due 
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"ore ſeems to require, and which at fome future 2 

rd and probably will, be undertaken on a more extended 
plan, with the very beſt machines that can be conſtructed for 
the purpoſe. Many ages may elapſe before meaſurements of 
any confiderable portion of the ſurface of the earth can .be 
made in very high fouthern latitudes, fo as to determine, with 
my tolerable degree of exactneſs, whether the ſouthern ſemi- 
ſpheroid be ſimilar to the northern, ſuppoſing both to be figures 
of revolution. But by good experiments with the pendulum 
alone, eaſily repeated in all latitudes, the ratio of the ſemi- 
diameter of the equator to the ſemi-axis on both ſides may be 
readily obtained. In the mean time I thought it might be uſe- 
ful to ſhew the reſult of a comparifon of the moſt conſiſtent ex- 
periments of that ſort, that have hitherto been made in different 
latitudes, after having applied to thoſe at Spitzbergen certain 

corrections, which ſeemed neceſſary, as further explained in 
the note. Thus it appears, that the arithmetical mean of 75 
compariſons between Spitzbergen and the equator gives the 


the 8th of April and 6th of June, 1776; and the beam made uſe of, with 
15lbs, weight in each ſcale, 'was true to three grains.. 

The machine, in its preſent ſtate, although better fitted for experiments than 
it was originally, fince it has a wheel added, whereby it regiſters its own time, 
and now goes for 12 hours without winding up, is no longer the ſame that per- 
formed at Spitzbergen : for in the interim of the two times it has been in my 
poſſeſſion, the ſteel rod having by accident been broken, Mr. CunninG ſubſti- 
tuted another, as like to the former as poſſible with regard to ſize, but which 
vill, in all probability, be ſuſceptible of a different expanſion and contraction 


from the effects of heat and cold. In the application of the machine, I have 


uſually loaded the top of it with about 24 lþs, weight of lead, in order to render 
the center of ſuſpenſion as little liable to motion as poſſible: yet, notwithſtanding 
this precaution, a pointed plummet, ſuſpended to the top of the frame, has 2 
ſmall degree of counter-vibration to that of the ball, which no doubt muſt pro 


duee ſome effect. E 
ratio 
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ratio 41 he mmi diameters formerly mentioned 1 pa a ® 
178.047. On this hypotheſis the arc MP ſhould 
27350 fathoms. The error on the total arc M Perpigns 
amounts to 2078 fathoms. M. BovGuEr's degree at the equs. 
tor being adhered to, the 45th of latitude will exceed the truth 
216, and that at the equator 148 fathoms, 

The ratio of the ſemi-diameters of the ſecond digi 
which comes now to be ſpoken of, has been obtained by the 
compariſon of-ſuch meaſured lengths of the degrees of the 
meridian in different latitudes, as have been found to be moſt 
conſiſtent with each other. Our countryman, Mr. Noswoon, 
was the firſt, of late times, who made any at trempt of this 
ſort. But the meaſurement, executed by him in the year 
1633, between London and York, has no pretence to exact. 
neſs, ſince he himſelf tells us, that when he did not meaſure, he 
paced: ! Beſides, his degree is as great, or even greater, than 
that in Lapland; and theſe are ſurely ſufficient reaſons for 
rejecting it from the compariſon. The degree meaſured by M. 
L1EsGANIG in latitude 45 57', in that part of Poland lately 
fallen to the ſhare of the Emperor and annexed to Hungary, 
being ſo much ſhorter than degrees to the ſouthward of it, 
gives grounds to ſuſpe@, that ſome error had crept into that 
operation, or that the plummet had been affected by the attrac- 
tion of neighbouring mountains, and therefore is not made 
uſe of on the preſent occaſion. M. pz LA CALLLx's degree at 
the Cape of Good Hope, being in ſouth latitude, and ſo much 
greater than thoſe of the ſame height in northern latitudes, 
is improper hkewife to be brought into the compariſon, 
leſt the difference may have ariſen from a diffimilarity in the 
two polar ſides of the ellipſoid. The degree meaſured in the 


north of F ance, compared with that in Auſtria, coming out 
abſurd, 
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e See Operation. TY 


ft mean latitude. In like manner the latitudes of the twa 


| +þ has been taken between them for a mean latitude. Ac- 
ordingly the latitudes and the meaſured lengths of the degrees 


will appear as underneath : 


Obſervers names, Countries.  Latitudes, Meaſured lengths. 


Jiccarta, Piedmont — 44 44 


uus e AN, Auſtria, 
CassIx I, &cc. North of France, — 49 23 
JavrERTULS, xc. Lapland, 


608206.0 


ach other, fifteen reſults are thereby obtained, whereof the 


able, it will further appear, that the arc MP ſhould be in 
kth 27331 fathoms. The arc M Perpignan exceeds the 


Fucle near 88 fathoms. 
The ratio of the ſemi-diamieters of the third ellipſoid 216.06 


lie degrees at the equator and polar Circle. According to this 
Hotheſis the arc MP ſhould contain 27301 fathoms. The 
ae M Perpignan exceeds the truth 1288, and that at the 4 5th 
c latitude more than 128 fathoms. 


101. it has: been judged beſt to take a mean between then 


degrees differing but little from each other, a mean 


which, in the ſecond ellipſoid, have been compared together, 


= ® 4 | 
lovovzn, Peru, - oo „ 6484.8 
Yasow and PR Maryland, 8 29 12 = 6628.83 


= 
bn, 1 % Je ehe ens 
(455181, &c. Middle of France, . 60777. 
„„ 159 3 (ccgeeg css 


— PF 


Now theſe fix degrees, bein g ſucceſſively compared with 


uithmetical mean gives for the ratio of the ſemi-diameters of 


ke ellipſoid that of 192.483 to 191.483. By adverting to the 


tuh 1758, the 45th of latitude i80, and that at the polar | 


* 215.06 is obtained by adhering to the meaſured lengths of 
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The ratio of the ſemi-diameters, of the fourth ellipſoid x 222, 5 
to 221.55 is the ſame, as may be ſeen by referring to the tal 
'with that aſſigned by M. Bovevex to his firſt ſpheroid, when 
the increments to the degrees of the meridian above that x 

the equator are as the ſecond power or ſquares of the fing 
of the latitudes. It was intended chiefly to ſhew how ſmal 
the difference 1s between the magnitudes and nature of the 
curves of the two figures. The arc MP ſhould contain 2724, 
fathoms. The arc M Perpignan errs in exceſs 1177 fathom, 
The 45th degree exceeds the truth 116 fathoms ; and that x 
the polar circle falls ſhort of the meaſured length 21 fathoms: 
NM. Bovever's _ at the equator being adhered to as the 
ſtandard. 
. "The ratio of the . of the fifth lipſoid, 240 
to 229, is that aſſigned to the earth by Sir Is A ac Nx ron 
On this hypotheſis the arc MP ſhould contain 27241 fathoms 
The arc M Perpignan only exceeds the truth 202 fathoms, 
becauſe the 45th degree of the meridian is here adhered tos 
the ſtandard length. But then the degree at the equator fall 
ſhort of the meaſurement 102 fathorns, and that at the polar 
circle 1461; wherefore, an arc of 8, in the firſt caſe, would 
be defective 850, and in the laſt 1220 fathoms. - 
= The ratio of the ſemi-diameters of the ſixth ellipſoid, 303 
to 309.3, is obtained by adhering to the meaſured lengths d 
the degrees at the equator and 45th of latitude. The a 
MP ſhould contain 27230 fathoms. The arc M Perpignan 
only exceeds the truth 131 fathoms ; but on this hypothels, 
the degree at the polar circle would be defective near 217 fr 
thoms, and conſequently on de; the error would be 1807 
fathoms. 


7 : | The 


The ſeventh or laſt ellipſoid, being that of the leaſt flattening, 
MW for the ratio of its. ſemi-diameters 540 to 5 39. The arc MP 
ſhould contain 27206 fathoms. The-45th degree of latitude 
being adhered to as the ſtandard, the arc M Perpignan would 
only exceed the truth by 46 fathoms; but, on the other hand, 
the degree at the equator erring in exceſs 1241 fathams, and 
that at the polar. circle being defective near 303; therefore, in 
the firſt caſe, the error on 8 would be 1037, and in the laſt 


foid, however great or ſmall the degree of its oblateneſs may 
be, will not any way correſpond with the meaſured portions of 
the ſurface of the earth: for if we retain the length of M. 
BououER's degree at the equator as the ſtandard, and make the 


prominent in middle latitudes, that is to lay, the curve will 


the meaſured length. On the contrary, if we give the ellip- 
ſoid a ſmall degree of flatneſs, as in N' 7. and adopt the mea- 


tor falls 
1e polar 


would aud computed arcs will nearly agree in middle latitudes; but at 


10g face, aud will thereby give degrees that are too great; while at 


too little in the proportion of about 24 
the error at the equator. 
that the earth i is not.an ellipſoid. 

The two columns towards the right-hand of the RA 
contain the arcs of two ſpheroids differing from the ellipſoid. 
The firſt is that adopted by M. Bou as his firſt hypo- 
theſis, where the increments to the degrees of the meridian 
VoL. LXXVII. Ee above 


c * ** *** — — 
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Propoſed irigonometrical Operation, 209 


2524 fathoms. Hence it is obvious, that the arcs of an ellip- 


ellipſoid extremely flat, as in N? 1. the figure will become too 
riſe above the real ſurface of the earth, and, in proportion to 0 
the exceſs of the radius, will always give degrees that exceed 

| ſured length of the 45th degree as the ſtandard, the meaſured 

| the equator the curve will riſe very conſiderably above the ſur- 

| the polar circle it will fall below it, and give degrees that are 


to 1 compared with 
From all which we may n 
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above that at the equator follow the ratio of the ſecond power 
or ſquares of the ſines of the latitudes, and to which he has 
ſuited his firſt table of degrees, Ne 32. p. 298. This ſpheroid 
differs but inſenſibly, as has been already mentioned, from the 
fourth ellipſoid. * They have both the ſame ſemi - diameters; 
but the arcs of the ſpheroid being ſomewhat longer than thoſe 
of the ellipſoid, the former thereby becomes, in a trifling 
degree, more prominent in middle latitudes. On this hypo- 
theſis the are MP ſhould be in length 27295 fathoms; M Per. 
pignan exceeds the meaſurement 1196 fathoms ; and the de- 
gree at the equator being adhered to as the ſtandard, the 45th 
errs in exceſs 118, while that at the polar circle is defective 
only 20 fathoms. 
The ſecond ſpberobd is that whereon M. ores founded 

his ſecond hypotheſis, which ſuppoſes the increments to the 
degrees of the meridian, above that at the equator, to follow 
the ratio of the fourth power or ſquared ſquares of the fines of 
the latitudes, and to which he has adapted his ſecond table of 

degrees N' 38. p. 305. It will be perceived, that the ratio of 
the femi-diameters of this ſpheroid, v13. 179.4 to 178.4 differs 
little from that appertaining to the firſt ellipſoid ; but here the 
curve falling conſiderably within, that is to ſay, being leſs pro- 
minent than the ellipſoid in middle latitudes, the arcs are 
thereby contracted in ſuch a manner as to agree within 5 fa- 
thoms with the meaſured length of the meridian of F rance, in 
an extent of about 834, comprehended between M near Dun- 
kirk, and Perpignan ſituated at the bottom of the Pyrenean 
mountains. By inſpection of the table it will further appear, 
that the errors in the ſeveral fections of this arc are not only 
ſmall, but they are ſometimes plus and ſometimes minus, 3 


never failing proof that, as far as our preſent data will enable 
3 us 
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r e Operation, 
us to judge, the figure here aſſigned to the earth, notwithſtand- 


ing what has been alledged to the * contrary, is exceedingly near 


the truth. According to this hypotheſis, the diſtance MP on the 


meridian of Paris, which is yet to be determined by our trigono- 


metrical operations, ſhould: contain 2724 3 fathorhs, being only 35 
fathoms leſs than what 1s given by the mean of the ſeven different 
ellipſoids, a ſpace not amountin g quite to 2”” of latitude. The re- 


ſult of the meaſurement of this ſpace, anſwering to an arc in the 


heavens of 206” 50” 52“ of latitude, will be a further confir- 


mation, or otherwiſe, of the juſtneſs of the theory. The 


degree at the equator being adhered to as the ſtandard, it will 
be ſeen from the table, that the 45th is defective 37.6, while 
that at the polar circle errs in exceſs 9.4 fathoms. 5 


* Mr, J. KLosTERMANN, Inſpector of the Corps of Pages at St. Peterſburg, 
in his manuſcript Memoir, ſome time fince tranſmitted to the Royal Society, to 
the Academy of Sciences at Paris, and alſo to that at Gottingen, has endea- 
voured to ſhew, that the French trigonometrical operations are extremely erro- 
neous. It would ſeem, nevertheleſs, that he has attempted to prove too much. 


He ſhould certainly have confined his criticiſm to the triangles of the meridian 
only, which are diſtinguiſhed from the others in M. Cass1n1's book, by being 


printed in larger characters, without drawing concluſions from very acute angles, 
| which, although inſerted in the general regiſter, were not made uſe of in the 
determination in queſtion. But as the Royal Academy of Sciences will, no doubt, 


_ indicate the credit of their own operations, I ſhall only further remark, on tho 


Literary News from Gottingen ( Nachricht aus den Gittingiſchen Anzeigen von 


gelehrten Sachen, 117 Stiick, 1785), which accompanied the ſaid Memoir, and 


where it is ſaid, That M. Bovevuss's hypotheſis of the 4th power fell to the 
„ ground, ſo ſoon as other degrees were meaſured than thoſe on which he had 
founded it,” that I confeſs myſelf to be quite of a different opinion, not 
doubting, that when the compariſon is fairly drawn between this and every other 
ſyſtem that has hitherto been ſubmitted to the conſideration of the public, M. 
Boucutr's will be found to be juſtly entitled to the preference, which I have 
here endeavoured to give it, His works ſhew, that he was a man of very ſuperior 
abilities, eminent as a mathematician, and perhaps the beſt practical one that 


ever exiſted, 
Ee 2 Beſides 
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the arc MP contained 27257 fathoms; but the labour of com- 
putation being, hereby greatly augmented, and the error on the 
total arc between M and Perpignan amounting to 290 fathoms 
in exceſs, this ſyſtem did not ſeem to me to deſerve to be put 


tional power 3:2ths, which he tells us was that which till | 


of future operations executed in very high latitudes, and the 


at the bottom of the table, containing the computed lengths of 
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meaſurements of degrees of longitude, as far as I know, have 
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Befides theſe two ſpheroids of M. Bovovxx, 1 bad com- 
puted the arcs of another between the two, where the incre- 
ments to the degrees of the meridian were in the ratio of the 
fractional power 378 of the ſines of the latitudes. Thus the 
computed agreed accurately with the meaſured dimenſions in 
three principal parts of the earth's circumference, namely, at 
the equator, 45* and 66* 20' of latitude, at the ſame time that 


in competition with the ſimplicity of that of M. Bouvc unn, who 
indeed, for the ſame reaſon, preferred the fourth to the frac- 


came nearer the truth. In ſhort, it muſt be from the reſults 
meaſurement of degrees of longitude on the equator, that we 


can hope to have ſufficient authority for any correction or a 
melioration of the ſyſtem of M. BouduER. 


Differences of longitude. 


Hitherto there has been no particular referenes to ſome lines 


degrees of longitude on each hypotheſis, in three different lati- 
tudes, namely, the equator, 435 32“ and 51 287 40%. No 


ever been executed with ſufficient care and accuracy, except 
that in the ſouth of France, as mentioned in the 10 5th and 


106th pages of M. CassinI's book, which was determined by 
| the 


et tin 2 
. = p 2 — 


propoſed trigonometrical Operation, ww 
the repeated exploſions of gunpowder in the open air, and 
found to contain 41618 toiſes, equal to 44 354-4 fathoms. By 


me attending to the table it will be ſeen, that the error in exceſs 
the of M. Bovover's theory, on the length of this degree trigono- 
in Mmetrically meaſured, amounts only to 19 fathoms, which is 
at litie more than +7; th part of a ſecond of time. 
hat In fixed Obſervatories, where able aſtronomers have been for 
\m- many years employed in repeating their obſervations of the 
the beavenly bodies, it ſeems ſurpriſing, that any doubt ſhould 
"ms remain with regard to what is called the aſtronomical dif- 
put ference of longitude, or, in other words, the difference of time 
vho between them; yet it has been alledged, that an uncertainty 
rac- of this ſort exiſts, even with regard to the ſituation of Green- 
a1 Mich and Paris, which, reckoned by its extremes, extends to 
alts bout 10 or 11 ſeconds, anſwering in the latitude of Green- 
the wich to the enormous difference in ſpace of between 1600 and. 
Wwe 1700 fathoms ! But it will be conſidered as ill more won= 
or a trful, if between two Britiſh Obſervatories, Greenwich and. 


Oxford, which have been long ſupplied with great and coſtly 
nftruments of the very beſt kinds, there ſhould remain an 
uncertainty in this reſpect of 2 or 3 ſeconds of time: for in 
the latitude of Greenwich 3 ſeconds correſpond to 477, and in 
that of Oxford to 4744 fathoms. Theſe, however, are points. 


_ which muſt be left to the reſpective aſtronomers to ſettle in the 
1 of beſt 1 way they can; and it is not to be doubted, that the Aſtrono- 
lati- mer Royal will throw a new and very ſatis factory light on the 
No matter, in the Paper which he propoſes about this time to lay 
2985 before the Royal Society, along with M. CassIni's Memoir, 
* Which, for that purpole, has now been nearly two years in his 


poſſeſſion. 


With 
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| be conſidered as infallible, "Jens, by means of the baſe g 


_ diſtance between Greenwich and the point P in the may 
may thereby be determined to a very ſmall number of fathomy, 


probably conſiderably nearer than it will be brought for many 


venly bodies, if theſe ſhould be found in the preſent ſtate of 


but theſe I would propoſe to be made ſubſequently to the trig 
nometrical operations. The ſtation of Tatterlees, towards the 


near it, would ſeem to be the moſt proper for the place of ex- 
ploſion, becauſe it can be ſeen from Bottle- hill, on the ſame 


in France, the diſtance being ſhorter too, and little land, but 
chiefly ſea, intervening. Let us then ſuppoſe, that the two 
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Gen. Ror- 8 Ane of a 
With regard to the trigonometrical operation (which may 


verification, it will prove itſelf, and if ſmall errors unavoidably 
ariſe in the courſe of a long ſuite of triangles the maximum 
of theſe may be always aſcertained), I have no doubt that the 


perhaps to * or fixteen on a difference of longitude gf 
about 2® 20” 20”, and therefore to about =-th part of a ſecond 
of time on each degree. This, for any — purpoſe, will 
certainly be admitted to be ſufficiently near the truth, and i; 


years to come, by a mean of the beſt obſervations of the hes. 


the matter to leave it yet doubtful to two or three ſeconds. 
The aſtronomical difference of time may likewiſe be ob- 
tained by experiments on the inſtantaneous exploſion of light; 


eaſtern extremity of our range of chalk hills, or ſome point 


range, and nearly i in the meridian of Greenwich Obſervatory, 
It is not to be doubted, that Tatterlees may be ſeen from Fiemme 
Windmill, or even perhaps from that of the Brunemberg ; ſince 
they are both ſituations, on the continuation of the ſame range 


aſtronomers with their clocks and tranſit · inſtruments are poſted, 
one at Boltle- hill, and the other at the Brunemberg, while gun 


powder 15 repeatedly exploded at Tatterlees, or while the Indian 
lights 
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yghts : are alternately exhibited, and again covered by an extin- 
guiſher prepared for the purpoſe, which operation may be 
repeated ſeveral times the ſame evening ; it 1s certain, that a 
juſt mean being taken between the inſtants ſo marked by the 
reſpective clocks, well regulated before-hand, the difference of 
ime between the two extreme ſtations will thereby be ob- 
ined to a very conſiderable degree of accuracy, and-probably 
more to be relied upon than that reſulting from the compariſon 
of the obſervations of the heavenly bodies. 

Rockets have been propoſed by ſome to be RY in this 
my ; but even the largeſt ſort, carrying up too ſmall a body 


e hea- Miſhort diſtances ; and ſince the actual error of obſervation would 
ate of ſhe the ſame on a ſhort as on a long diſtance, remote ſtations 


e ob- 
light; 
trigo- 
ds the 
point 
of ex- 
e ſame 


ture. It is imagined, that by means of a balloon, a ſet of 
boht-balls might be ſent up of ſuch a volume as to be ſeen, 
hom their great elevation in the air, at ſtations very remote 
om the place of exploſion. The balloon would aſcend with 


the wiſhed- for height, it might be made faſt below, by 
ans of a cord fixed to it for the purpoſe . The firſt ball, on 


vatory. Ws exploſion, would communicate fire to the ſecond, and ſo in 

Fieme Wicceſſi ion, at intervals of time proportionable to the lengths of 

; ſince . 
'F is to be underſtood, that the pentficediticy of faſtening the balloon 

e range Th earth by means of a rope muſt be previouſly aſcertained : for if that ſhould 

id, but e found impoſſible, without the wind forcing it down again to the ground, then it 


he two ul be ſent up detached with burning fuzes fixed to it, of ſtill greater dimenſions, 
poſted, means of theſe it is imagined, that the track of the balloon in the air might be 
le gut Pted out to the remote obſervers, who might perhaps be better erabled 
Indian fredy to watch for and diſtinguiſh the ſucceſlive inſtants of the burſting of the 


Ut lights, 


lights the 


of white light, could, I think, only be depended upon for 


mly ſhould be choſen for concluſive experiments of this na- 


z burning fuze attached to the firſt ball, and having attained 


- -xperiment of a fingle balloon, which might then be hauls 
_ down to be reloaded for a repetition. But whatever might be the 


nature, the obſervers muſt not only be very attentive and dil. 


uncertainty, even in this way, which ſeems to be the bef 


of aſtronomical obſervations ; let us next fee how Mr. RAU 
- D8N's inſtrument is likely to perform, when actually applied 


tween the pole ſtar in its eaſtern or weſtern azimuth, and 
very remote ſtation, whoſe diſtance from the inſtrument » 


known by the ſeries of triangles, and diſtinguiſhable by the 
Indian lights at night, for the purpoſe of this 8 
abſervation. 


muths will give at once the polar diſtance of the ſtar, and 
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the fuzes. Thus $ or 10 inſtants might be marked a the 


mode adopted as the beſt for conducting experiments of this 


gent, but alfo quick-ſighted, have their clocks nicely regulated 
indeed, and the trials muſt be many times repeated before the 


mode, could be reduced to leſs than th part of a ſecond of 
time, to which it may infallibly be brought by trigonometry, 

Having in this manner ſhewn what probable degree of exad- 
neſs may be expected in the various, but uſual, ways of aſcer- 
taining the difference of longitude between the Obſervaturies 
of Greenwich and Paris, and compared the reſults with the 
uncertainty that ſeems yet to exiſt in this matter from the ſlate 


to, the determination in queſtion, by the obſerved angle be- 


With an inſtrument, earrying teleſcopes 0 good that the 
pole ſtar may be ſeen in daylight, it is obvious, that the br 
ſeed angle between the ſtar in its eaſtern and weſtern a2 


the true meridian of the place, as referred to any known i 
tions viſible at the time of obſervation. But as cloudy wer 
ther may often prevent a complete obſervation of this ſort 


from being obtained, and fince much time might be loſt 10 
3 attempting 
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tempting it, therefore the declination of the ſtar ſettled for 


any particular period being accurately known *, its apparent 
diſtance from the pole may, by the eſtabliſhed rules, be readily - 


computed for any propoſed day, as well as the preciſe times of 
ts greateſt elongations, twice in 24 hours, when 1 in its eaſtern 
and weſtern azimuths, at which times it will, for ſeveral mi- 
nutes, appear, as to ſenſe, ſtationary or without motion, except 
in altitude. Theſe are, therefore, the beſt times for taking 
the angle between the ſtar and any particular ſtation, ſince the 
obſervations may be repeated frequently in the ſpace of a few 


minutes, or until it ſhall be perceived that the ſtar has again 


approached towards the pole. Nou, ſuppoſe the ſtation of the 


inſtrument to be at Tatterlees, whoſe diſtance from the perpen- 


| dicular to the meridian of Greenwich, and conſequently from 
its parallel, is known by the trigonometrical o peration. The 
latitude of the ſtation becomes known likewiſe; and let the 
co-latitude be 38 54 20”, Let us likewiſe ſuppoſe the diſtance 


of Bartle-bill on one ſide to be 44100 fathoms, equal to 47 
28.6 of a great circle; and that of the Branemberg on the 


other to be 38250 fathoms, equal to 37' 42“. 6 of a great cir- 
cle; and further, that on theſe two ſtations the Indian lights 


are exhibited for the time propoſed. Now, let the angle be- 
' tween the meridian and Bortle- hill, and that between it and 
the Brunemberg, be obſerved by means of the pole ſtar corrected 


for its diſtance for the day ; and ſuppoſe the firſt to be 75? 107, 


* Since this Paper was written, the Aſtronomer Royal has been ſo obliging as 
to furniſh me with the mean diſtance of the pole ſtar from the pole, as ſettled at 
Greenwich by eight obſervations above and nine below it, made in the year 
1786; whereby it appears, that the mean diſtance, reduced to the beginning of 
that year, was 1* 50 8'.35; and the mean annual preceſſion in declination 
deing * 555 nas the mean diſtance for the 1k of January, 1787, 
Wag 19 49 8“. 8. 
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and ihe laſt 125 DE thus we ſhall have two- ſpherical tri 
angles to compute, in each of which two ſides, and the con. 
tained angle, are known, and one fide, viz. the co-latitude, i, the 
common to both. Now, from theſe data, making uſe of the 
half ſum and half difference of the fides, we ſhall hape 
the angles in theſe two triangles as * underneath, and the 
an gle of longitude between Bottle-bill and the ng 
equal to that at the pole, will be found to 1 1* 55 56", 
If from this angle we deduct about 30“ or 35”, for the ſpace 
that the Bottle-hill ſeems to be to the weſtward of the meridian 
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cor 
of Greenwich, there will then remain 15 55” 21” for the eaſt Ml ju 
| longitude of the Brunemberg, being very nearly that expreſſed Ml ha. 


in the map of the triangles which W this Paper. 


| 
1 


— 
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: 11 1 Bottle-hill. Brunemberg. 
1 Oo 3 | S 7 a WI 
Half difference — 51 25 14.05 | Half difference — 20 44 2 / ni 
Half ſum 8 32 25: "7 Half ſum = By 32 313 | 
in" ag F no 
Angle at Bottle-hill | 103 57 30. 12 Angle at Brunemberg 54 17 95 ſec 
Angle at the pole 1 7 11.02 | Angle at the pole — 48 451 b 
Contained angle = 7 i 100. Contained angle — 125 5 0. 1 
— — C0 
Sum of the three ** 180 14 E Sum of the three angles 180 10 E * 
Angle of convergence ̃ 52 20.88 "Y Angle of convergence — 37 504 
Exceſs above 180% ö - 4 $0.14 | Exceſs above 180%? — 10 $46 


Angle of longitude . 3 7 11. o2 | Angle of longitude = 48 45. 
Bum of the two longitudes 1? 5 56“. 2. 

It is to be obſerved, that the meridians, which are all . to each other it 

the equator, on their departure from thence converge more and more a8 they 

approach towards the pole, where the angle of convergence becomes equal to the 

_ angle of longitude. It may alſo be remarked, that the angle of convergence, 

augmented by the exceſs of the three angles of the ſpherical triangle above 1800, 

is always equal to the angle of longitude, or that at the pole. And as this holds 

univerſally in all latitudes, it affords a ready means of proving that the compu- 
tations are juſt, 

As 
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As far as we are enabled to judge at preſent, from the exa- 


dination of the diviſions of Mr. Ramspen's instrument. 
there is every reaſon to believe, that in taking angles around 
he horizon, the mean of ſeveral repetitions of the ſame angle, 
ix referred to different parts of the circumference of the circle, 
will differ very little from the truth, ſo little indeed, that 1 in 
many caſes the error will totally .vaniſh. .. But in elevating, the 
teleſcope : towards the pole, let us ſuppoſe that an error of 5 
ſeconds on each of the contained angles at Tatterlres has been 
committed; and further, that even an error of 5 ſeconds of 
latitude, equal to about 841 fathoms on the meridian, may 


have been fallen into, in eſtimating the co-latitude (which 


never can happen, but is only here admitted, to place the 
example in themoſt diſadvantageous circumſtances poſſible); then 
whoever will give themſelves the trouble to recompute the two 


tnangles with theſe new data, will find the reſult 1 in longitude 


not to- be varied thereby, in the firſt caſe above 'th part of a 
feond, or Arth part of a ſecond in time; and in the laſt not 
quite 1 a or Arth part of a ſecond in time. Hence 1 
conclude, that the beſt mode: of determining the differences of 
longitude: will be by the inſtrument itſelf, applied i in this way, 


in taking the angles between the pole ſtar and very remote 


4 1 41 A 4 


hems, diſtinguiſhable at night by, the help of the Indian 


lghts, and whoſe diſtance is accurately known. This method 


will, it is true, be liable, as well as aſtronomical obſervations, 
to the imperfections of the inſtrument, particularly thoſe | of 
the teleſcope, and the unavoidable error in its application; but, 
on the other hand, it will be entirely free from the ircegula- 
ties of clocks, and the imperfections of viſion, in marking 
the inſtantaneous exploſion of light. When both methods 


have been repeated a ſufficient number of times, with all 
£2 imaginable 


— — 
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imaginable. care, we ſhall then, and not till then, by et 
judge to which the preference may be due. Thus five or fix 
long ftations, in or nearly in the parallel of Greenwich, ſuch, 
for inſtance, as that of Shooter's-hill Tower, would reach 
from the eaſt quite to the weſt of the iſland: and as a very 
confiderable degree of conſiſteney might be expected among the 
_ reſults for equal portions of the parallel, this method ſeems to 
be as likely as any to furniſh data for determining the nature of 
the ie ſpheroid « or figure of tho earth. 


Table 7 the degree of the earth, conflrut, ed on t be hypothefes of 
M. Bovsuxx- 


Beſide the table of compariſon of the arc benen Green- 
wich and Perpignan, which I have already endeavoured to 
explain, this Paper is accompanied with another, which, as 
well as the former, was originally intended folely for my own 

77 uſe. With this view it was at firſt only computed for every five Ml 
minutes of the 51ſt and 52d degrees of latitude, that I might I ne 

thereby be enabled more readily to compare the longitudes and i de 
latitudes of the reſpective ſtations in our progreſs towards the 
coaſt; and more particularly to fit it for operations in the ſouth 
parts of England, as likely to be firſt carried into execution. 
In order, however, to render it more generally uſeful, it has 2 
dnce been extended to every five degrees in the higher and Wl ti 
lower parts of the quadrant, and to every ſingle degree in inter- in 
mediate latitudes. The table not only contains the degrees of I ei 
the meridian and of longitude, but alſo thoſe of a great circle W l 
perpendicular to the meridian, and likewiſe ſuch as are oblique tt 
to it, for the other ſeven points of the compaſs. With regard I b 


to the conſtruction of the table, it is only neceſſary to make IN i 
. ſome | 
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ſome remarks on that column of it, which contains the ſum of 


the three equations, or difference between the degree of the 
meridian and the correſponding degree of the great circle per- 


muſt be found before the degree of longitude can be obtained. 
The firſt part of M. Boucuer's equation conſiſts of A, ths of 
the difference between the degree of the meridian at the equa- 
tor and that at the pole, vis. 545. 12 fathoms, to be conſtantly 
added. Secondly, 3ths of the increment of the correſponding 
degree of the meridian above that at the equator, to be ſub- 
tracted; and, thirdly, ths of a third proportional to the 
exceſs of the degree at the pole above that at the equator as 


radius, and the fine of the correſponding latitude, to be added. 
Now it will be found, that this laſt part of the equation 4,ths, 
if uniformly applied, would have produced abſurd reſults at 
the 75th degree of latitude, that is to ſay, the degrees of a 


great circle would there have become greater than the degree 
x the pole. The equation ths or 4th would in like man- 
ner have produced abſurd reſults between the 7gth and 8oth 
degree. Even aths will not go on further than the 8 5th; 


and the higheſt « equation that will go through the whole qua- " 


trant, uniformly applied, muſt not exceed , parts of the 


third proportional. M. Bovcver himſelf had found this, and 


accordingly had applied the equation with a certain modifica- 
tion or abatement, which nevertheleſs he makes no mention of 
in his book. Seeing, therefore, that the degrees of a great 
eirele perpendicular to the meridian differ moſt from thoſe of 
latitude about the ngen. I have, at the 2oth degree, applied 
the equation ths or g parts, and made the diviſor increaſe 
by unity for each degree of the quadrant above that point to 


the pole, where it becomes 75 parts. Below the 20th degree 
the 


dicular to it, which is the moſt troubleſome to com pute, but 
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frudtion of the two tables appertaining to this Paper. 


the diviſor; in Uke manner nende by — to the equator, 


where it becomes 5 parts. With reſpect to the degrees of 
great circles, obliquely ſituated to the meridian, they were 


chiefly intended for facilitating the computations of curvature 


and refraction, where, in any particular caſe, it might be. 


come neceſſary to obtain, to great preciſion, the relative height 
of a very diftant ſtation with regard to that -occupied by the 


inſtrument : for in ſuch caſes, in ſtrictneſs, the angle which 
the line makes with the meridian ſhould be attended to. 


The computations *. for the conſtruction of this table have 
been, as may eaſily be judged, ſufficiently laborious; but hay- 
ing once begun, I was induced to go through with them, con- 


ceiving that a table of this ſort would be of general utility; 
and that it might be very long indeed before the reſults of 
future operations, yet to be undertaken in different and very 


remote parts of the globe, would furniſh data for any thing 


better. It muſt be by the united efforts of enlightened nations, 
conſpiring as it were together in promoting the cauſe of ſci- 
ence, that great objects, ſuch as the determination of the 
8 magnitude and figure of the earth, can ultimately be obtained. 


Each ſhould contribute to it, and all have it more or leſs in 


their yo, according to their particular ſituation, and that 


« 


5 


* Much care has ka deſtowed in the various computations. for the con- 
In the laſt, which has 


been the moſt laborious, the differences ſeem to go on ſo uniformly, it is hoped, 


no error of any conſequence will be found. Here it is proper that I ſbould 
mention a typical erratum in one of the tables belonging to my Paper on the 
Barometer, publiſhed in. the LXVII. volume of Tranſactions, for „ is in 
Tab. VI. containing obſervations on heights near Carnarvon. In the column of 
obſerved height of Mercury on Moel Eilio, Auguſt 4, 1775, 1h. 7 . P. M. 
inſtead of 27- 114 read 12 214. 
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Eon of its ſurface which has fallen to their ſhare in the 
general diſtribution of things. 

Under the auſpices, and immediately under the eye, of a 
Govereign Who loves and cheriſhes the ſciences, much may be 
Jone within the limits of the Britiſh iſlands, which, reckoning 
from Eaſtneſs in Suffolk to the weſtern parts of Kerry in Ire- 
land, contain near 12 degrees of longitude; and counting from 
the Channel on the ſouth to the Orkney iſlands only on the 
north about 9 degrees of latitude, With this general purpoſe 
in view, and at the ſame time to lay the beſt foundation for the 
ſurvey of the Britiſh iſlands, I would propoſe, as the opera- 
tions preferably to be executed, that ſerieſes of triangles ſhould 
be extended along different meridians, particularly thoſe of the 
chief Obſervatories, and of ſome remarkable hills in the central 
parts of the iſland, till they fall into the ſea on the ſouth and 
worth ; and that, acroſs theſe, a great number of ſcrieſes, in 
the parallels likewiſe of the chief Obſervatories, and of re- 
markable hills or eminencies, ſhould be extended from the eaſt 
to the weſt coaſt. The Wrekin-hill, on the eaſtern ſkirt of 
Shropſhire, ſeems to be an eligible point, being in a central. 


tuation, ſufficiently conſpicuous, and yet not ſo high as to 


render the frequent acceſs to it very inconvenient. If it ſhould 
le found, that longitudes may be determined by the inſtru- 
ment to the degree of accuracy which 1s expected, and that 
it may 83 be advantageouſly applied, independently of 
the zenith ſector, in tracing any parallel whoſe latitude has been 
aready aſcertained, or the parallel of any remarkable point, 
Whoſe meridian is known, but not its latitude ; then the num- 
ber of theſe parallel ſerieſes cannot be too much multiplied : for 


e den many of theſe operations executed with due care would 
| ablolutely 
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abſolutely give the figure of the earth, fince the 4 
diſtance from the ſurface to its axis would thereby be 
obtained. 
The Britiſh dominions in 1 the Eaſt- Indies offer a * parti. 
cularly favourable for the meaſurement of five degrees of lati. 
tude on the coaſt of Choromandel, as has been noticed by 
Mr. DALRTMTL E, F. R. S. in his Paper on the Marine Survey 
of that Coaſt. Two degrees of longitude, at each extremity 
of this arc, ſhould likewiſe be meaſured. 
The plains of Bengal, directly under the northern tropic, 
afford another ſituation where it would be of. great conſequence 
to determine the lengths of a degree or two of latitude, and 
as many of longitude. Theſe two operations could not fail to 

be patroniſed by the Eaſt - India Company, who ſhould defray 
the expence ; fince, Whatever tended ſo much to the i 1mprove- 
ment of ſcience in general, and ſo directly to that of navigs 
tion in- particular, muſt be thought important to a Body of 
Merchants, whoſe power, as well as opulence, ſtand at this day 

unequalled 1 in the mercantile hiſtory of the world. 
But there is one operation yet to be mentioned that would 
contribute more than any other 'to the determination of the 
figure of the earth, which is, the accurate meaſurement of ſome|ſ 
degrees of longitude on the equator ; becauſe thereby the 
length of its ſemi-diameter would be immediately known, 
which hitherto has only been theoretically computed from the 
meaſured portions of the meridian. The Portugueſe ſeem to 
be poſſeſſed of the moſt advantageous ſituation yet known on 
the globe for that purpoſe : for M. DE LA ConDamine has 
told us, that at the mouth of the river of Amazons, near the 


fort of Macapa, in three minutes north latitude, there art 
; 5 __ extenſive 
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N. An Account of Three Volcanos in the Moon. 


By William 
Herſchel, LL. D. F. R. S.; communicated by. * * Banks, 
Bart. * R. 
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Read April 26, wer N 1 


T will be necelſary to ſay a few words by way of intro- 


under the inſpection of the aſtronomer, are to be viewed, not 


aly with the uſual attention to facts as they occur, but with 


the eye of reaſon and experience. In this we are however not 


features. Thus, when we ſee, on the ſurface of the moon, a 


neat number of elevations, from half a mile to a mile and an 


talf in height, we are ſtrictly intitled to call them moun- 
tins ; but, when we attend to their particular ſhape, in which 
many of them reſemble the craters of our volcanos, and 


hence argue, that they owe their origin to the ſame cauſe 
which has modelled many of theſe, we may be ſaid to ſee by 
malogy, or with the eye of reaſon. 


| Now, in this latter caſe, 
tough it may be convenient, in ſpeaking of phznomena, to 


due expreſſions that can only be juſtified by reaſoning upon the 


fads themſelves, it will certainly be the ſafeſt way not to 
neglect a full deſcription of them, that it may appear to others 


1 how 


duction to the account I have to give of ſome appearances 
upon the moon, which I perceived the 19th and 20th of this 
month. The phænomena of nature, eſpecially thoſe that fall 


allowed to depart from plain appearances ; though their origin 
ad fi gnification ſhould be indicated by the moſt characteriſing 


* 5 * L 04 Fa . 20 
. l , N 4 Ha « » * * ? 
N * * 2 | * = CEE TP nn am 
: 4 i. * 4 3 ' * P * n 4 
I | + "Tos - | * | 223 K N 2 
« ” * — * * ** n * * * 
* I or - 
z E " 
l * 
x Pe 
4 . | ” 
Fad s b 1 % * * 
* — — 1 * » 
. J 7 
- 
- | . 
% » - 
* * bs 
. 8 w 
. 7 * 


= my - - „ ue - — „ 
— 3 ———ů 
N _ —_ 
* —— —à— - — ——ũ— —hj—— — — — — * 
y a * 1 C * nm — as. ac 
1 of 
— 


: — A AäZ ä 
* = = 
* —— — — —— - 


* * 3 
* * 


F- Tv ern z? be a 42 ac. 4 * 7 WE a 7 * P EF "> * a * 2 * 9 
% 2 nd n = _ -& 2 n E \ R # we % 6 4 Lag * —. 4 * 2 Ts — ” 
* a =» _ wh 4 ” od 1 . ** Cat tt 5 k 2 : . ps * 
”— Wn... * . — *. 193 F . 10 L 4 
* 6 **V / . 3 - 70 8 * * 
* 0 C | | {> 
_ * * \ A _ . 
TT « 1 * 


2 tee 6 


abſolutely giee hs figure of the earth, * the Gase 
- diſtance from the ſurface to its axis would OY * 
obtained. 
The Britiſh dominions in 8 Eaſt- Indies offer a * W 
3 favourable for the meaſurement of five degrees of lati. 
tude on the coaſt of Choromandel, as has: been noticed by 
Mr. DAaLRYMPLE, F. R. S. in his Paper on the Marine Survey 
of that Coaſt, Two degrees of longitude, at each "—_— 
of this arc, ſhould likewiſe be meaſured. | 
The plains of Bengal, directly under the northern ud 
afford another ſituation where it would be of. great conſequence 
to determine the lengths of a degree or two of latitude, and 
as many of longitude. Theſe two operations could not fail to 
be patroniſed by the Eaſt-India Company, who ſhould defray 
the expence; fince, whatever tended ſo much to the 1 improve. 
ment of ſcience in general, and ſo directly to that of navigs- 
tion in particular, muſt be thought important to a Body of 
| Merchants, whole power, as well as opulence, ſtand at this day 
unequalled in the mercantile hiſtory of the world. 

But there 1s one operation yet to be mentioned that would 
contribute more than any other to the determination of the 
figure of the earth, which is, the accurate meaſurement of ſome 
degrees of longitude on the equator ; becauſe thereby the 
length of its ſemi-diameter would be immediately known, 
- which hitherto has only been theoretically computed from the 
meaſured portions of the meridian. The Portugueſe ſeem to 
be poſſeſſed of the moſt advantageous fituation yet known on 
the globe for that purpoſe : for M. pz LA ConDAMINE has 
told us, that at the mouth of the river of Amazons, near the 


fort of Macapa, in three minutes north latitude, there are 
8 extenſive 
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il to pon the moon, which I perceived the 19th and 2oth of this 
efray i month. The phznomena of nature, eſpecially thoſe that fall 
rove- ¶ under the ĩnſpection of the aſtronomer, are to be viewed, not 
viga only with the uſual attention to facts as they occur, but with 
dy of de eye of reaſon and experience. In this we are however not 


alowed to depart from plain appearances ; though their origin 


fatures, 
Igreat number of elevations, from half a mile to a mile and an 


which has modelled many of theſe, we may be ſaid to ſee by 
malogy, or with the eye of reaſon. Now, in this latter caſe, 

tough it may be convenient, in ſpeaking of phænomena, to 
ue expreſſions that can only be juſtified by reaſoning upon the 
ds themſelves, it will certainly be the ſafeſt way not to 
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N. As Account of Three Volcanos in the Moon, By William 


T will be neceſſary to ſay a few words by way of intro- 
duction to the account I have to give of ſome appearances 


ad fignification ſhould: be indicated by the moſt characteriſing 
Thus, when we ſee, on the ſurface of the moon, a 


half in height, we are ſtrictly intitled to call them moun- 
tains ; but, when we attend to their particular ſhape, in which 
many of them reſemble the' craters of our volcanos, and - 
thence argue, that they owe their origin to the ſame cauſe 


neglect a full deſcription of them, that it may appear to others 
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at: 3 Apel 19, 1789, 10 h. 30 fdereal time. 


J perceive three volcanos in different places of the dark part 
of the new moon. Two of them are either already nearly 
extinct, or otherwiſe in a ſtate of going to break out; which 
perhaps may be decided next lunation. The third ſhews an 
actual eruption of fire, or luminous matter. I meaſured the 
diſtance of r crater from the northern limb of the moon, and 
found it 3 57, 3. Its light is much brighter than the nu- 


cleus of the comet which M. Mzcnarn n at Paris the 
10th of this month. 


April 20, n 10 h. 2 / fidereal time. 


The volcano burns with greater violence than laſt night. 
I believe its diameter cannot be leſs than 3”, by comparing it 
with that of the Georgian planet ; as Jupiter was near at hand, 

I turned the teleſcope to his third ſatellite, and eſtimated the 
diameter of the burning part of the volcano to be equal to 
at leaſt twice that of the ſatellite. Hence we may compute 
that the ſhining or burning matter muſt be above three miles in 
diameter. It is of an irregular round figure, and very ſharply 
defined on the edges. The other two volcanos are much 
farther towards the center of the moon, and reſemble large, 
pretty faint nebulz, that are gradually much brighter in the 
* middle; but no well defined luminous ſpot can be diſcerned in 
Wl! them. Theſe three ſpots are plainly to be diſtinguiſhed from 
| the reſt of the marks upon the moon ; for the reflection of the 
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. open plains where an operation of this ſort would not 7 
have been ſo difficult as was at firſt imagined, when he pro- 
poſed the ſcheme to the Academy of Sciences, a year before 
the voyage to Quito was thought of. Had this been adopted 
2s the ſcene of 1 operations, inſtead of that elevated 
valley comprehended between the lofty ranges of the 
' Andes, the buſineſs would have been much ſooner accom- 
pliſhed, with infinitely leſs labour and fatigue, and till more 
 fatisfaQtorily, fince degrees of longitude as well as of latitude 
| would probably have been meaſured. Here then the Portu- 
gueſe ſhould determine the length of two or more degrees of 
longitude, and as many of latitude, by way of proof or cor- 
ection of the Peruvian obſervations. A well conducted ope- 
ation of this kind could not fail to add to the celebrity of a 
nation who, by their diſcovery of the new world in the weſt, 
| and having opened the route by the Cape of Good Hope to the 
eaſtern ſide of the globe, may be conſidered as the founders of 5 
modern navigation. 
With regard to operations in high northern latitudes, which 
would doubtleſs be of great importance, the Ruſſian Empire 
muſt certainly afford a variety of ſituations, more or leſs diffi- 
cult, for the purpoſe; and an Empreſs who commands ſo great 
a proportion of that region of the world, where it is ſaid ex- 
ploratory diſcoveries are at preſent carrying on by her order, 
can ſcarcely be ſuppoſed to ſuffer a reign, otherwiſe fo bril- 
liant, to expire, without directing ſomething of this ſort to be 
executed under the polar circle, or as near to the pole as the 
ſeverity of the climate will permit, by way of confirmation or 
correction of the Lapland meaſurement, which yet ſtands 
ſingle and by itſelf, without any collateral proof of its exact- 
neſs. If ſuch operations as thoſe J have ſuggeſted towards the 
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mination of the magnitude and figure of the earth, except 
by cttiphyivg, as much as poſſible, experiments with the ſame 
* from the equator to very high ſouthern and northern 
Agtitudes, that ſome judgement might thereby be formed of 
” os fimilarity, or | otherwiſe, of the two- * ; of | 
| ſpheroid. 
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« Degrees of Longitude,” in the column of the length of each degree 
in fathoms, 1. 24. from the bottom (being that which anſwers to the Latitude 
of Greenwich) for 38 161.69 read 38 164.00; and in the next column of 


differences, |. 25. from the bottom, for 53.13 was 59- 82; and the 1 next line 
below, for 16.12 read 18 43. _ | 


In the Map of the T riangles, for SELSBY read SELSEY. 
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Fathoms. 
lege were 51 f | Ss | 1 
| Greenwich and M= MP 4#475 ll 27238 27350. 1. 27381. 
f A's — — = 3329 506499. | 507108. | 508577. [+2078] | 508257. | 
| Point M and Paris — 1931 13341). 133467. 133934. [+ 517 134038. 
— 1394] 373082. | 373647. |+ 374603. [+1521 | os} 374374- 
— 7525 106564. 1066358. 107007. [+ 443}, 5} 106937. 
i 8 3869 266518. || 260983. 267596. |+ 1078 | ＋ 267437. 
— 16 165200. 166620. |+ 420 | 166518. 
2 52800 I Pts 1 [656 200508. 100783. 100956. + 467 f 100919. 
A | — — — 

— of — — — 3486975 13504545 3501802 
Semi · axis between the poles — — 6975 } — 3484973 J 19572 34836c8 
Ratio of the ſemi-diameters =— - 179-047 to 178.047 | 192.483 to | 

| Dillevonce of 2 — of the ratio — o. 024323 | 0.0022622 | 
| | | | Error, Error. | wg 
Equator — — 2 5 60859.1|+ 374-6 6048 4.5 . co | 60484. 5 
Degrees of the] 45th — — 60777.6 || 60859.1]|+ 81.5 6099 3.4 +215. 8 609577 | 
meridian at the] 66? 20' — — 61194.3 608 59.1 — 335-2 61342.3 |+148.0 612819 
Pole AY — - I 608 59.1 61 509.3 61437. 
| Exceſs of the degree of t —_— at the * | 1 „ 
1 at the equator | } | 0000040 1024.8 952.6 | 
| Equator — — | 608 59.1 | 61165.8 EE 61117.9 | 
2 N 32 ſouth of France = | 44354-4 | 44121.3|\—233-1 | 44461.2 |+106.8 444304 |+ 
1 | bas 51* 28 ad Greenwich — . | 37904 2 382259 | 
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Fry. 4 the ellipſoid. 
Suppoſing the Earth to be an oblate ellipſoid. dior prominent — — 4 
| Fg | | latitudes than the ellip-{latitudes than the Ap, 
ſoid. f the ſame ſemi-diameters, 4 
7 | ; » $ | 6 | 7 oh 8 2 8 5 
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4 | _ Error 5 g Error. „ Error. 5 Error. . 2 
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61332.2 | 61308.4 | 61177.0 | 61073.0 2947.0 61308.5 | 6105.5 
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— 5 3 | * 3 * 1 a P | = | 1 RY 
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Table of the degrees of the Farth conſtrued on the hypotheſis of M. Bovcver, where the inefements to tf 
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I Degrees of great circles oblique to the meridi 
perpendicular to them, being 1 


| vis. | 6 points | pig, | 5P 
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1008.87 | 59.08 60949.79 38 
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fan's rays from the earth is, in its preſent ſituation, fuffi- 
ciently bright, with a ten- feet reflector, to ſhew the moon's: 
ſpots, even the darkeſt of them: nor did I perceive any fimi- 
lar phenomena laft lunation, though I then viewed the fame 
places with the fame inſtrument. 

The appearance of what I have called the actual fire or 
eruption of a volcano, exactly reſembled a ſmall piece of 
burning charcoal, when it is covered by a very thin coat of 
white aſhes, which frequently adhere to it when it has been 
ſome time ignited; and it had a degree of brightneſs, about as 
ſtrong as that with which ſuch a coal would be ſeen to glow 

in faint daylight. 

All the adjacent parts of the volcanic mountain ſeemed to be 

faintly illuminated by the eruption, and were gradually more 
obſcure as they lay at a greater diſtance from the crater. 

This eruption reſembled much that which I ſaw on the 4th 
of May, in the year 1783; an account of which, with many 
remarkable particulars relating to volcanic mountains in the 
moon, I ſhall take an early opportunity of communicating to 
this Society. It differed, however, conſiderably i in magnitude 
and brightneſs; for the volcano of the year 1783, though 
much brighter than that which is now burning, was not nearly 
ſo large in the dimenſions of its eruption: The former ſeen in 
the teleſcope reſembled a ſtar of the fourth magnitude as it 
appears to the natural eye; this, on the contrary, ſhews a 
viſible diſk of luminous matter, very different from the ſpark- 


ling brightneſs of ſtar-light. 


| 3 WILLIAM HERSCHEL. 
Slough near Windſor, 
April 21, 1787. 


=. "Dr. Hiaecunt. 8 Account, e. hy 


- Þ:S. M. Mich Alx having favoured me with an aceount of ff þ 
diſcovery of his comet, I looked for it amon g the Pleiades, 
ſuppoſing its track ſince the 1oth of this month to lie that 
way; and ſaw it April 19th, at ih 100 ſidereal time, when i it 
preceded FL. d Pleiadum about 54 in time, with nearly the 
ſame declination as that ſtar; but no great accuracy was at- 
tempted in the determination of its place. As I have men. 
tioned the comet in a foregoing paragraph of this Paper, I 
thought it proper here to add my obſervation of it. The 
4 comet is nearly round, with a ſmall tail towards. the north 
following part; the chevelure extends to about fov: or five 
4 minutes; and it has a central, very ſmall, ill-defined nu- 
* cleus, of no great brightneſs.” 
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Ovarium upon the Number T * 6 By * | 
| Hunter, Eig. F. R. 5. 


Read March 22, 1787. 


N all animals of diſtin& ſex, the females, thoſe of the bird 

kind excepted, have, I believe, two ovaria, and of courſe 
the oviducts are in pairs. 

By diſtinct ſex I mean . the parts deſtined to the 
purpoſes of generation are of two kinds, each kind appro- 
| Priated to an individual of each ſpecies, diſtinguiſhed by the 
Vor. LXXVII. Mm appel- 


XXI. An Experiment to determine the Effect of extirpating one 
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ma af nate and female, and equally neceſſary to the 
propagation of the animal; the teſticles, with their appen. 
dages, conſtituting the male; the ovaria, aud their appendages, 
the female ſex. 

As the ovaria are the organs which, on the part of the 
female, furniſh what is neceflary towards the production of 
the third, or young animal; and as females appear to have a 
| limited portion of the middle ſtage of life allotted for that 
purpoſe z. it becomes a queſtion, whether thoſe organs are worn, 
out by repeated acts of propagation ; or whether there 18 not a 
natural and conſtitutional period to that power on their part, 


example, we ſhall diſcover that circumſtances, either Jocal or 
conſtitutional, may be capable of extinguiſhing in the female 


the faculty of propagation. Thus we may obſerve when a 


woman begins to breed at an early period, as at fifteen, and 


has her children faſt, that ſhe ſeldom breeds longer than the 


that the parts are then worn out, or that the breeding conſti- 


tution is over. If a woman begins later, as at twenty or 


twenty-five, ſhe may continue to breed to the age of forty or 
more; and there are, now and then, inſtances of women, who, 
not having conceived before, have had children as late in life as 
at fifty years or upwards. After that, few women breed, even 
if they ſhould not have bred before; therefore, there muſt be 2 


natural period to the power of conception. A fimilar ſtop to 
propagation. may likewiſe take place in many other claſſes of 
animals, probably in the female of every claſs, the period. 


varying according to circumſtances ;. but ſtill we are not ena- 
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even if ſuch power has never been exerted? If we confder 
this ſubject in every view, taking the human ſpecies as an 


age of thirty or thirty-five ;. therefore we may ſuppoſe, either 


Y to CIR raves he i > Ano; on any 3 pro- 
erty of the conſtitution, or of the ovarium alone. 5 
As the female of moſt claſſes of animals has two ovaria, I 
imagined, that by removing one it might be poſſible to deter- 
mine how far their actions were reciprocally influenced by 
each other, from the changes which by compariſon might be 
obſerved to take place, either by the breeding period being 
ſhortened, or perhaps, in thoſe animals whoſe nature it is to 
bring forth more than one at a rn, by the number produced 
at each birth being diminiſhed. 

There are two views in which this ſubject may be conſidered, 
The firſt, that the ovarium, when properly employed, may be 
a body determined and unalterable reſpecting the number of 
young to be prod uced. In that caſe we can readily imagine, that, 
when one ovarium is removed, the other may produce its deter- 
mined number in two different ways; one when the remaining 
ovarium, not influenced by the loſs of the other, will produce 
its allotted number, and in the ſame time; the other, when it 

is affected by the loſs, yet the conſtitution demands the ſame 
number of young each time of breeding, as if there were ſtill 
two ovaria; conſequently it. furniſhes double the number it 
would have been required to ſupply, had both been allowed to 
remain, but muſt ceaſe from the performance of its function in 
half the time. The ſecond view of the ſubject is by ſuppoſing, 
that there is not originally any fixed number which the ovarium 
muſt produce; but that the number is increaſed or diminiſhed 
according to circumſtances ; that it is rather the conſtitution at 
large that determines the number ; and that, if one ovarium is 
removed, the other will be called upon by the conſtitution to 


perform the operations of both; by which means the animal 
Mm 2 ſhould 
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ſhould n with one ovarium, the fame number of ray 
28 would have been produced if both had remained, 
With an intention to aſcertain thoſe points, as far as 1 could, 
1 was led to make the following experiment ; and for that 
purpoſe choſe pigs in preference to any other animal, becaufs 
they are eaſily managed, and breed perfectly well under the 
confinement neceſſary for experiments. Having felected two 
female ones of the fame colour and fize, and likewiſe a boar 
pig. all of the ſame farrow; after having removed one ova- 
rium only from one of the females, and cut a ſlit in one of 
its ears, that there might be no miſtake between it and the 
other, I had them well fed and kept warm, that there might 
be no impediment to their breeding ; ; and whenever they far- 
: rowed, their pigs were taken away exaQly at the fame age. 
About the beginning of the year 1779, they both took the 
boar; but the one which had been ſpayed earlier than the per- 
fect female. The diſtance of time, however, was not great, 
and they continued breeding at nearly the ſame times. The 
ſpayed animal continued to breed till September 178 35 when 
the was fix years old, which was a ſpace of more than four 
years. In that time ſhe had eight farrows ; but did not take 
| the boar afterwards, and had in all ſeventy-fix pigs. The 
perfect one continued breeding till December 1785, when ſhe 
was about eight years old, a period of almoſt fix years, itt 
which time ſhe had thirteen farrows, and had in alt one hun- 
dred and fixty-two pigs; after this time ſhe did not breed: 1 
kept her till November 1786. 
I have here annexed a table of the different times of each 
farrow, with the number of pigs produced. 


8 payed 


Farrows. | 
I 
2 
1 
* 
5 
6 
7 
8 
November following ſhe was put to the boar, but brought 
no pigs. April 1784, ſhe was again put to the boar, without 
effect, and never was obſerved to take the boar afterwards, 
although often with him. November 1 784, ſhe was killed. 
Perfect Sow. COON, 
Farrows. Number of young. 5 Time. 
I 4 . 
" $; 6 
3 8 „ 
4 Ct ©, 1 
St '»- June 1782 
1 T. FF = 
7 13 1 June 1783 
8 12 Oc. 1783 
E 
Eleven pigs more than were produced by the ſpayed ſow in 


her cight farrows. 
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2 Number of young. OY „ 
a % 2  -_ 
"in SS Dec. 
16 | May 
1 9 | | Dec. 
3 3 
After which ſhe'bred no more. 
The firſt eight farrows were — — 
The laſt five *. were — 
Total * — 
The number from the ſpayed mm 


More than farrowed by the imperfect animal 


th} 18 "finds, that 1 ſows rather ths 1 in their 


number each time the older they grew, although not uni- oatin 
formly; 3 the difference between the firſt 224 laſt 1 in both ani- mal 
mals being conſiderable. num 
From the above table we find, that the ſow with 4 one the « 
.ovarium bred till ſhe was fix years old, from the latter end of as to 
1779 till September 178; 3, about four years, and in that time IM prob. 
brought forth ſeventy- ſix Pigs. The perfect animal bred till I is ev; 
ſhe was eight years of age. In the laſt, if conception depended 5 
on the ovaria, it was to, be expected, that ſhe would bring Ts 
forth double the number at each birth; or, if ſhe did not, that WW tin. + 
ſhe would continue breeding for double the time. We indeed I hiring 


find her producing ten more than double the number of the 
ümperfoct animal, and continuing to breed much longer. 


From 
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lle derb. ö 2397 . 
From a circumſtance mentioned. in: the courſe of: this expe-. | 
*ment it appears, that the defire. for the male continues after 
the power of breeding is exhauſted in the female; and there-- 
fore does not altogether. depend on the powers of the ovaria to 
propagate, although we. muſt at the ſame time allow, that it 
may be influenced by the exiſtence of ſuch parts. 

If theſe obſervations ſhould be conſidered as de pending o on a 
ſingle experiment, from which alone it is not juſtifiable to draw- 
concluſions, I have ouly to add, that the difference in the num- 
ber of. pigs: produced by each was greater than can be juſtly. 
imputed to accident, and is a circumſtance certainly in favour- 
of the univerſality of the principle I-wiſhed to aſcertain *. 

From this experiment it ſeems moſt probable, that the 

ovaria are from the beginning deſtined to produce a-fixed num 
| ber, beyond which they cannot go, although circumſtances may: 
tend.to diminiſh that number; that the conſtitution at large- 
has no power of giving to one ovarium the power of propa- 
u- gating equal to two; for, in the prefent experiment, the ani- 
i- mal with one ovarium produced ten pigs leſs than half the 
number brought forth by the pig with both ovaria. But that 
ne the conſtitution has ſo far a power of influencing one ovarium, 
as to make it produce its number in a leſs time than would 
probably have been the caſe if both ovaria had been preſerved, 

is evident from the above recited experiment. 
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* Tt may be thought by ſome, this I ſhould have repeated this experiment; 
but an annual expence of twenty pounds for ten years, and the neceſſary atten- 


tion to make the experiment complete, will be a ſufficient reaſon for my not 
baving done it. 
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' Subſlances, under fimilar Circumſtances. By Sir Benjam 


den, M. D. Sec. R. S. 


Read * 225 or 


EING engaged in a ohh of experiments, upon the 


| od particularly of ſuch ſubſtances as are commonly made uſe 


tion between the conducting powers of thoſe ſubſtances, and 
their power of abſorbing moiſture from the atmoſ ſphere, I made 
the following experiments. 

_ Having provided a quantity of each of the under mentioned 

ſubſtances, i in a ſtate of the moſt perfect cleanneſs and purity, 
a 1 expoſed them, ſpread out upon clean China- plates, twenty- 


been heated every day for ſeveral months by a German ſtove), 
the laſt fix hours the heat being kept up to 8 ʒ· of FAHRENHEIT 
thermometer; after which J entered the room with a very 
accurate balance, and weighed equal quantities of theſe various 
ſubſtances, as expreſſed in the following table. 

This being done, and each ſubſtance being equally ſpread 
out upon a very clean China plate, they were removed into 3 
very large uninhabited room upon the ſecond floor, where they 


\ 


: Were 


Thompſon, Kut. F. R. S.; communicated by Charles Ba: | 


conducting powers of various bodies with reſpect to heat, 


of for cloathing, in order to ſee if I could diſcover any rela- 


four hours in the dry air of a very warm room (which had 


XX. E hints ö ts Ge thi 4 oft give + ad IL | * 
" PQuantities of Moifture abſorbed ' from the Atmoſphere by various = 


= 


5 2 ſingle thread 


4 een Teaser 3 "Experiments, * 241 9 
Neth 5 —_ 48 hours, upon a table placed in the middle of } 
| the room, the air of the room being at the temperature of 
A Fog after which they were carefully weighed (in the A 
and were found to weigh as under mentioned. why 

T They were then removed into a very damp cellar, and placed | 
upon a table, in the middle of a vault, where the © air, which 
appeared by the hygrometer to be completely ſaturated with 


moiſture, was at the temperature of 45* F.; and in this ſitua- 
tion they were ſuffered to remain three days and three nights, 


the vault being hung round, during all this time, with wet 


linen cloths, to render the air as damp as 2 and the 


door of the vault being ſhut. 


At the end of the three days I entered the vault, with the 


balance, and weighed the various ſubſtances upon the ſpot, 


when they were found to weigh a as is expreſſed in the third 


column 0 of the following table. 
5 rr; weight after Weight after 


The fur of a Ruſſian hare 
Eider down — _— 


— | 1005 . 1115 
„ . 009. '—-. . 23 
009 - - 300 
2008 3508 


Ravelings of white taffety 


Linen Fine lint = — 1046 wy 1102 
Ravelings of fine linen — 1044 — 1082 
Cotton wool — — 1043 | — 1089 | 


Silver wire, very fine, gilt, and 
flatted, being the * of $1000 = 1000 = 1000 
gold lace = | 5 5 


Vol. LXXVII. Nn 


Weight after be- 


] be various ſubſtances. being dried 24 being expoſed ing expoſed 72 
hours in a 48 hours in a hours in a damp 
hot room. cold, uninha- cellar. 
£ 5 bited room. 1 
—_ OO 
Sheep's wool _ — „  - xn 
Beavers for — = = E 
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| | 7 Cologne, the parts or leaſt divifions being = r part of 


_ from the atmoſphere ; but I was willing to fee whether a 
yh rhetal, placed in air faturated with water, is not capable of 
.. receiving a ſmall addition of weight from the moiſture attracted 
by it, and attached to its furface; from the reſult of the 
experiment, however, it ſhould feem that no ſuch attraction 


diſſolved in air. 


| Known to attract water with ſo much avidity ; and as, on the 
contrary, -wool, hair, feathers, and other like animal ſubſtances, 
are made wet with ſo much difficulty, I had little doubt but thas 


linen would be found to attract moiſture from the atmoſphere 
with much greater force than any of thoſe ſubſtances; and 


L grains Troy. 


much more water: and I was much confirmed in this opinion 
upon recolle&ing the great difference in the apparent dampneſs 
of linen and of woollen clothes, when they are both expoſed to 


principles. 


* * * 


* pee, Tor, Fa „ i?  ® 
N. B. The weight l e n eee ee 


mark, conſequently 1000 e 


I cha not add the ilver wite t6 the bodies ** *** 
from any idea that that ſubſtance could poſſibly wnbibe moiſture- 


ſfubſiſts between the metal I made uſe of, and the * vapour 


I was totally miſtaken i in my conjectures relative to the reſults 
of the experiments with the other ſubſtances. As linen is 


that, under fimilar circumſtances, it would be found to contain 


the ſame atmoſphere. But theſe experiments have convinced 
me, that all my ſpeculations were founded upon erroneous 


It ſhould ſeem, that thoſe bodies ahich are the 5 eaſily 
wet, or which receive water, in its unelaſtic form, with the 
greateſt eaſe, are not thoſe which in all caſes attract the * 
vapour diflolved in the air with the gtcateſt force. 
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3 Ae, Bede om the r 4 "md 9 
"ian apparent dampneſs of linen, to Gown; ariſes | 
more from the eaſe with which that ſubſtance parts with the | | 
water it contains, than from the quantity of water it actually 
holds; in the ſame manner as a body appears hot to the touch, 
in conſequence of its parting freely with its heat, while ano- 
ther body, which 1s actually at the ſame temperature, but 
which witholds its heat with greater m4 affects the 
ſenſe of feeling much leſs violently. 
It is well known, that woollen clothes, ſuch as flannels, &c> 
worn next the ſkin, greatly promote inſenſible perſpiration. 
May not this ariſe principally from the ſtrong attraction which 
ſubſiſts between wool and the watery vapour which is conti- 
nually ifſuing from the human body? 
That it does not depend entirely upon the . of that 
covering, is clear; for the ſame degtee of warmth, produced by 
wearing more cloathing of a different kind, does not 2 
the ſame effect. 
The perſpiration of the human body being abſorbed by a 
covering of flannel, it is immediately diſtributed through the 
whole thickneſs of that ſubſtance, and by that means expoſed | Ji 
by a very large ſurface to be carried off by the atmoſphere ; 14 
and the loſs of this watery vapour, which the flannel ſuſtains / I 
on the one fide, by evaporation, being immediately reſtored | ii 
from the other, in conſequence of the ſtrong attraction be- 1 
tween the flannel and this vapour, the pores of the ſkin are 1 | 
diſencumbered, and they are continually ſurrounded by a dry, 110 
warm, and falubrious atmoſphere. { 
I am aſtoniſhed, that the cuſtom of wearing flannel next the 
{kin ſhould not have prevailed more univerſally. I am conſi- 
dent would prevent a multitude of diſcaſes; and I know of 
Nn 2 . no 4 | 
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1 E no greater luxury chan the oom fortable ſenſation” which: as. 
from CY ty ven ae: one” is a hn eee 0 
_— . n 1 | ML 25 2 7 
EE THOU IPL notion, that i it is too warm a eloathing f br 
© an T have worn it in the hotteſt climates, and in all 
ſeaſons of the year, and never found the leaſt inconvenience 
from it. It is the warm bath of a perſpiration confined by a 
nnen ſhirt, wet with ſweat, which renders the ſummer heats 
of ſouthern climates fo inſupportable; but flanneÞ promotes 
perſpiration, and favours. its Nan; and 3 as 
is well known, produces poſitive cold. e eg”; 
I firſt began to wear flannel, not from any knowledge which 6 
I had of its properties, but merely upon the recommendation 
of a very able phyſician (Sir Ricnanp JeBs); and when I 
began the expetiments of which I have here given an account, 
| I little thought of diſcovering the phyſical cauſe- of the good 
effects which I had experienced from it; nor had I the moſt 
| diſtant idea of mentioning the circumſtance. I ſhall be happy, 
| | however, if what I have faid, or done, upon the ſubject, 
[| ſhould: induce others to make a trial of what I have ſo long 
experienced with the greateſt advantage, and which, I am con- 
þ fident, they will find to contribute greatly to health, and con- 
we — to all the other comforts and enjoyments of life. 
I I ſhall then think theſe experiments, trifling as they may. 
18 appear, by far the moſt fortunate, and the moſt 1 important ones 
F have ever made. | 
With regard to the original object of theſe experiments, the 
WE | diſcovery of the relation which I thought might poſſibly ſub- 
bw [|| fiſt between the warmth of the ſubſtances in queſtion, when 
Wil. made uſe of as clothing, and their powers of attracting 
1 I moiſture 
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the Moifture abjorbid from ? the Abi, 2 
een front the atmoſphere; or, in other words, between 
the quantities of water they contain, and their condetilg 
powers. with regard to heat; I could not find that theſo pro- 
perties depended in any manner upon, or were in any way 
connected with, each other. 

The reſult of my experiments upon the conductin 8 powers 


of theſe ſubſtances, I reſerve fot a future communication. 
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xm. hf Pri che and — 7 an Ati Mt 
od of arranging the Differences of Logarithms, on lines 
| graduated for the Purpoſe of Computation. By Mr. William 
Nicholſon; ; communicated 5» Sir Joſeph Banks, Bart. 
P. x > 


Read March 29, 1 785. 


F two geometrical ſeries of numbers, having the ſame 
common ratio, be placed in order with the terms oppo- 
ſite each other; the ratio, between any term in one ſeries and 
its oppoſite i in the other, will be conſtant *. 
2. And likewiſe the ratio of a term in one > ſeries to any term 
in the other, will be the ſame as obtains between any other two 
terms having the ſame relative poſition and diftance +. 
3. In all ſuch pairs of geometrical ſeries, as have hs ſame 
common ratio, the laſt mentioned property obtains, though the 
_ firſt antecedent and conſequent be taken in one pair, and the 
ſecond in any other uy 4. 


4 Geom. ſeries | 4 an an an an. 
1s bn bit Ins bt 


Then a: b::an:bn: an: In, &c. 
7 In the foregoing ſeries @ : In“ :: an: Im :: an: bn, &c. 
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"I Nreo.aon's Method, © 
4. 1k — > nn of the logarithms. of are be lad 
in order upon an arrangement of equi- diſtaut parallel right 
lines, in ſuch a manner as that a right line, drawn, acrofs. the 
| whole, ſhall interſe& it at diviſions which denote numbers in 
geometrical progreſſion ; then, from the condition of the ar- 
rangement and the property of this logarithmic line, it fol- 
lows, firſt, that every right line, fo drawn, will, by its inter- 
ſections, indicate a geometrical ſeries of numbers; ſecondly, 


* Let AB, CD, EF (Tab. X. fig. 5.) be portions of the logarithmic line, arranged 
according to the condition : let GH be a right line drawn acroſs, ſo as to paſs 
through points of diviſion e, c, a, denoting numbers in geometrical progreſſion « 
then will any other line IK, drawn acroſs the arrangement, alſo paſs through 
| points 7, d, b, denoting numbers in geometrical progreſſion, 
| Demonſtration. From one of the extreme points of interſection F in the laſt 
named line IK draw the right line 7g, parallel to GH, and interſecting the 

arrangement in the points i, þ; and the ratios of the numbers'e: , c: i, and 
8: b, will be equal, becauſe the intervals on the logarithmic line, or differences of 
the. logarithms of thoſe _—_— are ow 5 8 a 
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| But 28 — th diti * 
3 But 7 * = by e con ion. 
he Thanches ws = 3 or the numbers FT i, b, are in | the ſame continued eue as 


1 


the numbers e, c, 4. N . 
Again, the point Fa the line id, and the line þb, are in arithmetical progreſſion, 
and denote the differences of the logarithms of the numbers / and f, i and 25 
band 5. ö 
The quotients of the numbers themſelves are | therefure in geometrical pro- 
greſſion, that i == 
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- that fach ide, as are ſo indicated by parallel right lines, wilt 
| have the ſame common ratio® ; and, thirdly, that the ſeries 
thus indicated by two parallet right lines, fuppoſed to move 
laterally without changing either their mutual diſtance, ot 
: parallelifm to themſelves, - will have each the fame com- 
mon ratio; and in all pairs of feries indicated by ſuch two 
lines, the ratio between an antecedent on one parallel and the 
oppoſite term on the n_ taken as a conflequent, will be 
conſtant +. 

5. Thus far the logarithmic line has been confidered as un- 

limited. If, therefore, an antecedent and conſequent be given, 
it will be poſſible to find both on the arrangement, and to draw - 
two parallel lines, one over each number: and. if the lines. be 
then ſuppoſed to move, without changing either their diſtance 


or abſolute direction, ſo that the line, which before marked an 


antecedent, may now mark a new antecedent; the other (bß 
2. and 3.) will mark a number, at the ſame relative poſition 


and diſtance, which ſhall be the conſequent to this laſt ante- 
cedent after the fame ratio. 
. 6. Suppoſe a logarithmic line to contain no more hw a 
angle range of numbers from 1 to 10, it will not be neceſſary, 

for the purpoſes of computation, to repeat it; for if a ſlider 


* In the ſame manner as it was proved that the line Jg, — to GH, paſſes 
through points of diviſion, denoting numbers in the ſame continued ratio as thoſe | 
indicated by the line GH, it may alſo be ſhewn, that the line. LM parallel to any 

other line IK, will paſs through a ſeries of numeral points, having the fame 
eontinued ratio as the ſeries indicatediby. that line IK to which it is parallel. 

+ Becauſe the lines preſerve their paralleliſm to their former ſituation, they 
will indicate geometrical ſeries having the ſame commion ratio as before; and, 
decauſe their djſtance meaſured on the logarithmic line remains unchanged; the 


differences of the logarithms of oppofite numbers, and conſequently their ratio, 
will be aonſtant.. 


3 3 FP 


| Liner 1 the 8 of — * 

of beam have two fixed points at the diſtance of the Werte 
between 1 and 10, and a moveable point be made to range 
between theſe (always to indicate the antecedent); then, I 
fay, if the conſequent fixed point fall without the rule, the 
other fixed point will ſhew the diviſion it would have fallen on, 
if the rule had been prolonged. This may be eaſily applied to 
the arrangement deſcribed, Ne 4 

7. If the arrangement conſiſt only of the logarithms from x to 
10, and the parallel croſs lines interſe& that geometrical ſeries 
whoſe ſucceſſive ratios altogether, with that of the laſt to the 

| firſt, make by compoſition the ratio 2, the contrivance, Ne 
6, may be applied to ſhew fuch conſequents as fall, laterally, 
without the rule. 

8. It is convenient that the arrangement of the lines be 
diſpoſe ſo as to occupy a rectangular parallelogram ; or, in 
other words, that the croſs line, cutting the ſeries laſt men- 
tioned, may be a at right _— to the — of the rule. 


The conſtruction of an nent on the foregoing princi- 
les admits of various diſpoſitions of the graduated lines and 
apparatus for meaſuring intervals upon them. Fig. 1. is a 
rule conſiſting of ten parallel lines, equivalent to a double line 
of numbers upwards of 20 feet in length. Fig. 2. is a beam 
compaſs for meaſuring intervals. The parts B, A, C, apply 
to the ſurface of the rule; the 1 i dle A being moveable ſide- 
ways in a groove in the piece DE, fo as always to preſerve its 
paralleliſm to the external pieces B, C, which are fixed at a 
diſtance equal to the length of the rule, and have their edges 
placed according to the condition in 5 7. which is here at right 
angles to the length. The piece DE, in the uſe, is applied to- 
the edge FG of the rule. The edges or borders H, I, K, L. 
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may be made of tranſparent horn or tortoiſe-ſhell, which a are 
in many reſpects more convenient than any opake ſubſtance. 
The Uſe. Apply the edge of either B'or C to the conſequent, 
and ſlide the piece A to the antecedent, obſerving the difference 
between the numbers on the pieces denoting the lines they are 
found on; then, if the ſame edge of A be applied to any other 
antecedent, the other piece B or C, made uſe of, will inter- 
ſect a conſequent in the ſame ratio upon that line of the ar- 
rangement, which has the ſame ſituation, with reſpect to the 
antecedent, as the line of the former conſequent had to its ante- 
cedent. The numbers on the pieces ſerve to indicate the rela- 
tive ſituations. But if B be the conſequent piece, and fall 
without the rule, the piece C will ſhew the conſequent ene line 
lower; or if C, in the like caſe, fall without the rule, B will 
ſhew the conſequent one line higher. It would be eaſy to make 
the ſame kind of proviſion for the numbers which fall laterally 
without the rule: and it might be found convenient if, for the 
purpoſe of computation, inſtruments of this kind were to be 
made with an hundred or more lines. But in the preſent 1 in- 
ſtrument, the numbers on the pieces will anſwer the ſame 
purpoſe : for if a conſequent fall on a line at any given num 
ber of intervals without the rule, it will be found on that line 
of the arrangement, which occupies the ſame number of i in- 
tervals, reckoned inwards from the oppoſite edge of the rule. 
F. ig. 3. is a Gum rTER's ſcale, equivalent to that of 281 
inches in length, publiſhed by the late Mr. RogERT SON. It 
is, however, but one-fourth of the length, and contains 
only one-fourth of the quantity of diviſion. In the flider 
GH is a moveable piece AB, acroſs which a fine line 1s 
drawn; and there are alſo lines CD, EF, drawn acroſs the 
ſlider, at a diſtance from each other equal to the length of the 


rule. The uſe of this is ſimilar to that of the foregoing, The 
line 


} 


Live for th the purpoe Fe Chiles, — 
foe CD or EF is tobe placed at the conſequent, and the line in 
the piece AB at the antecedent: then, if the piece AB be placed at 
my other antecedent, the ſame line CD or EF will indicate i its 
conſequent in the ſame ratio taken the ſame way; that 1 is to 
| fay, if the antecedent and the conſequent lie on the ſame fide 
of the flider, all other antecedents and conſequents in that 
ratio will lie in the ſame manner; and the contrary if they 
do not, &c. But if the conſequent line fall without the rule, 
the other fixed line on the flider will fhew the conſequent ; 
but on the contrary fide of the ſlider to that where it would 
elſe have been ſeen by means of the firſt conſequent line. 
Fig. 4. is an inſtrument equivalent to the ſame rule of 284 
inches long. It conſiſts of three concentric circles engraved 
and graduated on a plate of about 11 inch in diameter. From 
the center proceed two legs A, B, having right - Iined edges in 
the direction of radii. They are moveable either fingly or 
together. To uſe this inſtrument, place one of the edges at 
the antecedent, and the other at the conſequent, and fix them 
to that angle. The two legs being then moved together, and the 
antecedent leg placed at any other number, the other leg will. 
give its conſequent in the like poſition or ſituation on the lines. 
If the line CD happen to lie between the legs, and B be the 
conſequent leg, the number ſought will be found one line far- 
ther from the center than it would otherwiſe have been; and, 
on the contrary, it will be found one line nearer in the like 
caſe, if A be the conſequent leg. This inſtrument, differing 
from fig. 1, only in its circular form, and the advantages re- 
ſulting from that form, the lines muſt- be taken to ſucceed each 
other in the ſame manner laterally ; ſo that numbers, which 


fall either without or within the arrangement of circles, will 
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poied the vacant places if the ſucceſſion a lines had Teen We 
8 finitely repeated ſide ways. . : 
I 1 approve of this conſtruction, as s ſuperior to . 5 
; hich has yet occurred to me, not only in point of conye- 
nience, but likewiſe in the probability of being better ex 
cuted, becauſe ſmall arcs may be graduated with very great 
accuracy, by diviſions transferred from a larger original. The 
inſtrument, fig. 1. may be * contained | in a circh 
cf about 41 inches diameter. 12 
The circular inſtrument is a combination of the Gn 
line and the ſector, with the improvements here pointed out. | 
The property of the ſector may be uſeful in magnifying the 
differences of the logarithms in the upper part of the line of 
fines, the middle of the tangents, or the beginning of the 
verſed fines. It is even poſſible, as mathematicians will eaſiy 
conceive, to draw ſpirals on which graduations of parts, every 
where equal to each other, will ſhew the ratios of thoſe Iines 
by means of moveable radii fimilar to thoſe in this inſtrument, 
But I do not, in this Diſcourſe, propoſe to enter into enquiries 
reſpecting the nature of ſuch curves, nor their utility in the 
preſent buſineſs. 


— — — — —— — IS — — 


s 4. i — 4 : — * — -—- 
— — ——— 
—— — - 


Page — —_—_ — — 


— 
2 P * 


= — -” 
* = 3 „ 
£ — l m *. . . « 4 
4 2 4 » * 1 * n a 
D tot , | . > p : . 
. 2 —4 & i 
n _— 5 4 * " . 
—— ee re Tn | 4 
4 #: — * 
R N 7 * Y 


. 


<3 
* 


0 wy 


# 


DO A EE ii... EEE em anew ao 


W 
= 


* 


- 
. 
8 


% 


LT LEE EL EEE EEC EE FELT EE EE EEE EEE EEE EE EEE EEE EE EE EE LEE EEE 


PE ET EF EE 


- 
Ws SI. — f „ - 
* Iz - ' * 
* * * * 


a * * * 
* CSF” * * N a ki ” a 2 A p * 
* * — 1 3 * 
7 * a; ** 's . . # £ , 
cg * , y « , . 5 O | 
* * * 1 a i g 
5 * 4 1 . * 
1 . % * 0 — 
/ * * * = 
* 1 
Z - j 0 
" Y 6 - « , pa * * 

f . : ; 

ad EE 
| 1 5 2 - } 
: 7 * » 
, - 


„ e AE 7 © 
aa. —— ace, a, a, COMMON | 


„P ES 


2 


— K P ey . — K —˖Q. . POOR, — Ä — —k—k—ů— — 
—— — —7—— 2 ov A SAP opens oe PRC I TrMO)I]T TT — — IAA yg A TALE I I —— 
r r . Re Le ie Re ll... =D — " — — = — 


C 


ee LL OD EC Ce — —— — 


— — — . N ,. —·¹?—— > 


GGC ‚ W - Ä OH K- . LC / EE EEE EE EE EE EE EE EE EE FE EE EE EE EE EE ES | — — — _ „„ „ „% „ CCC 


reren. %% 


. = 


— 5 


* 
| > 


ou : 72 
d bs 
EY 

q) | | | 1 


— 


rr 


oe 


— 
— ; 
, . 
25 : 

. P - 1 

* = 

% b 4 
. * 
Pa! 
* 
- 
- 7 
—— 1 * 1 — 
— „* 25 22 „ err 
1 - 
* 
* — - - 
* 
df * 
= _ 
- x _ * * 
* 
* - 


F 


— — ovtlt nunle . 2 A MY 


— — W _— * 1 1 — AT 1 . T_ 1 1 by = — — 1 b 4 — 
— - 
(4 — — — 


. 


* | 
A 
« 


4 > 
; ON ; 
e a £3 . 
* 4 
1 »PÞ 
: x * . 
* + Fi 
we * * 
26+ a. . 
| | 
6G———˖ ͤ— 4 
a I 


* e 
n l 
7 & * 22 
% 
x | | * 
Ban- Vol. LXXVILTah. 


_— 


aa 
* 
A 


- 
_ 


1 


- * 
i 
* 
* 
5 » 
n 8 
7 : l F ; 
# 
| 4 
2 
* os * ann 
. . 
1 
= : 
= 2 ts 9 
—— . 


4 
% 
by 
[4.) 
* 
* 
S 
4 n 
— Ip 12 — 
* ” 
* * N 
1 2 
” — * my — — . 
e | 7 
1 2 . | 
2 4 -- | - : 
* + * A. - : * e i 
s 
= 
x 
. 
4: 
F a , 
* 
; . 
3 * 
* 
4 . 
q : - 
1 = 2 8 
_— r . 5 *, a & 
y „ 
- 


. * TEE 


eee, 


1. 


A. 


= * P TV * * * 7 . * * » —_- * * 1 T5 6 

a > * — - PE i 
9 'S - N | » "__ 

. o l | 05 

* _ | 
. : 
Fo | = | = 
= - . _ | 
a : 


uv. Obſervation tending 10 fhew that the Wolf, Jackal, ad 
Dog, are all of the ſame Species. By John Hunter, EA. 
F R. §. 


Read April 26, 1787. 


HE true diſtinction between different ſpecies of animals 
muſt ultimately, as appears to me, be gathered from 
their incapacity of propagating with each other an offspring 
capable again of continuing itſelf by ſubſequent propagations : 
thus the Horſe and Aſs beget a Mule capable of copulation, 
but incapable of begetting or producing offspring. If it be 
true, that the mule has been knovrn to breed, which muſt be 
| allowed to be an extraordinary fact, it will by no means be 
ſufficient to determine the Horſe and Aſs to be of the ſame ſpe» 
cies ; indeed, from the copulation of Mules being very frequent, 
and the circumſtance of their breeding very rare, I ſhould 
nther attribute it to a degree of monſtroſity in the organs of the 
| Mule which conceived, not being thoſe of a mixed animal, 
but thoſe of the Mare or female Aſs. This is not fo far-fetched 
an idea, when we conſider that ſome true ſpecies produce mon- 
ters, which are a mixture of both ſexes, and that many ani- 
mals of diſtinct ſex are incapable of breeding at all. 
If then we find nature in its greateſt perfection deviating 
from general principles, why may not it happen likewiſe in the 
production of Mules, ſo that ſometimes a Mule ſhall breed 


from the circumſtance of its being a monſter reſpecting mules ?. 
Vor. LXX VII. E 


varieties of the Dog, in their external form and ſeveral of their 


| fition, not being either ſo ſociable reſpecting its own ſpecies or 


ſuſpect! it is only allied to the Dog by being of the ſame genus 
It is confidently aſſerted by many, that the Fox breeds with 


2 ſpecies; this, however, is a part I mean to inveſtigate 
- Wolves and Jackals are found in herds; - and the Jackal 1s ſo 
little afraid of the human ſpecies, that, like a Dog, it comes 
into houſes in ſearch of food, more like a variety of the Dog 
in conſequence of cultivation than chance. It is by much the 


its readineſs to copulate with the Dog, and its familiarity with 
the Dog afterwards, it is ſomewhat different from the Wolt. 


where i inquiries of this kind are made, ſome pains has been 
taken to aſcertain, whether or not it was of the ſame ſpecies 
with the dog; but, I believe, it has been hitherto conſidered 
as only belonging to the ſame genus. m 


Mr. Hv: STER'S Obſervations on the 22 N 
The times of uterine geſtation being the ſame in all * 


varieties of every ſpecies of animals, this A becomes 
neceſſary to determine a ſpecies. 


The affinity between the Fox, Wolf, Jackal, and ſevery 


properties, is ſo ſtriking, that they appear to be only varieties of 
the ſame ſpecies. The Fox would ſeem to be a greater remove 
from the Dog than either the Jackal or Wolf, at leaſt in diſpo- 


man, but naturally a ſolitary animal; from all which 1 ſhould 


the Dog, but this has not been accurately aſcertained ; but, if 
it had, it would probably have been carried further, and once 
breeding, according to what we have ſaid, does not conſtitute 


moſt familiar of the two; for we ſhall find hereafter, that in 


The Wolf then being an animal better known in Europe, 


Accident often does as much for natural hiſtory as preme- tl 
ditated plans, eſpecially when nature is left to itſelf, The 


firſt inſtance of the Dog and Wolf * in this country f 
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ems to have been about the year 1766. A Pomeranian Bitch 
of Mr. Bxookes's, in the New Road, was lined only once by 
a Wolf, and brought forth a litter of nine healthy puppies. 
The veracity of Mr. BrookEs is not to be doubted, reſpecting 
the Bitch being lined by a Wolf; yet, as it was. poflible ſhe 
might have been lined by ſome common Dog without his 
knowledge, the fact was not clearly made out; but it has 
been fince aſcertained, that the Dog and Wolf will breed. 
Several noblemen and gentlemen bought ſome of the puppies, 
as I was informed by Mr. BROOKES. My Lerd CLanBrASSIL 
purchaſed a Bitch-puppy ; and Mr. Brookes preſented one to 
me, which I kept for obſervations and experiment. Its actions 
were not truly thoſe of a Dog; it had more quickneſs in 
attending to things, was more eaſily ſtartled, as if parti- 
cularly apprehenſive of danger, quicker in tranſitions from one 
action to another, not ſo ready to the call, being leſs docile ; 
and from theſe peculiarities it loſt its life, being ſtoned to death 
in the ſtreets for a mad dog. 

Hearing that Lord CLanBRassL's Bitch had bred, Sir 
Jozzyn Banxs was ſo obliging as, at my requeſt, to write to 
his Lordſhip, who ſent the following account. 


SIR, 


About ſeventeen or eighteen years ago, the late Lord Moxr- 40 
HERMER and I happened to ſee a eren, at Mr. Bnookxs's, 
who deals in animals, and lives in the New Road. The ani- 
mal was remarkably tame; and it ſtruck us, for that reaſon, 
that a breed might be procured between him and a Bitch. 
We promiſed Mr. Brooks a good price for puppies, if he 


ſucceeded, In about a year a Bitch produced nine, and Lord 
Epps. MonT- 


* 


2 * Mr. Howrzs's Obſervation on the Species 


MonTHERMER bought one ; and I had another, which Was 3 
Bitch. Lord MonTuzRMer's died of fits in about two years: | 
mine lived longer, and had puppies only once. One I gave to 
Lord PEMBROKE ; but what became of it I do not remember, 
It was grand-daughter of the Wolf by the dam, and got by a 
large Pointer of mine. 
It might be conſidered, that Mr. BROORES's word was not 
ſufficient proof that the puppies were really got by the Wolf; 
but the appearance of the animals, ſo totally different from all 
others of the canine ſpecies, did not leave a doubt upon our 
minds; and I remember Hans STANLEY, who had adopted 
| Bvuyyon's opinion, was thoroughly convinced upon ſeeing mine, 
The animals had the ſhape of the Wolf refined : the fur 
long, but almoſt as fine as that of the black Fox. 

I am afraid J have treſpaſſed too much upon your time, and 
will only beg you will be aſſured nothing can give me more 
Pleafure than any opportunity of aſſuring * how truly 


F am, Sir, &c. 


CrAxRRAsSIL. 
Jan. 7. 1787, | 


Upon the ſuppoſition that Mr. ene 8 Bitch was lined 
by no Dog but the Wolf, which I think we have no reaſon to 
doubt, the ſpecies of the Wolf is aſcertained ; but J choſe to 
trace this breed ſtill further; and hearing that Lord PR- 
BROKE's Bitch had likewiſe bred, I was anxious to know the 
truth of it; and, finding his lordſhip was in France, I took the 
liberty of writing to Lord FIERBERT, | and received in anſwer 
the following letter. 


8 I Ry 
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To wal, Jackal ond Dog. 


s 1 R, 
The half-bred Wolf. bitch you allude to was given, as I 


— Dee. 20, 1786. 


IAS 8IIL. She might, perhaps, have been bought at BRookEs's 
by him. She had four litters, one of ten puppies, by a Dog 


Dr. EYRE, at Wells in Somerſetſhire, and one to Mr. 
BucKETT, at Stockbridge. The ſecond litter was of nine 


know not. This litter was by a different Dog, but of the 


of ſeven puppies; two of which were ſent to M. Cexjar, a 
were, however, naturally ſo wild and unruly, that he found 


n this garden, by Lord PEMBROKE's orders. 


Here lies 1 — 
whoſe grand-mother was a Wolf, 
whoſe father and grand-father were Dogs, and whoſe 
mother was half Wolf and half Dog. She died 


on the 16th of October, 1782, aged 12 years. 


I am . it is not in my power to give you any better 
account; ; but if you think proper to write to Lord PEMBROKE, 


2 


have always underſtood, to Lord PEMBROKE by Lord CLan- 


between a Maſtiff and a Bull-dog. One of theſe was given to 


puppies, ſome of which were ſent to Ireland, but to whom I 


ſame breed as the firſt, The third litter was of eight puppies, 
by a large Maſtiff, Two of theſe were, 1 believe, ſent to the 


preſent Duke of QuzzNsSBERRY. The fourth litter conſiſted 


gentleman who now reſides at Lauſanne in Switzerland, and is 


famous for breaking dogs remarkably well. Theſe two puppies 


it impoſſible to break them. She died four years ago, and the 
following inſcription was put over the place where ſhe is buried 


who. 
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2 mw Mr. Hor xn's x Ohe on the Pen 
who is at Paris, I am convinced he will be very happy to pive 


you any further information. 
nd a 


I am, &c. 


©, 


HE RB BERT. 


Bur rox, whoſe remarks in natural hiſtory are well known, 
made experiments to aſcertain how far the Wolf and Dog were 


of the ſame ſpecies, but without ſucceſs. He ſays, A She. 
„Wolf, which I kept three years, although ſhut up very 


young, and along with a Greyhound of the ſame age, in a 


0 {ſpacious yard, could not be brought to agree with it, not 
« endure it, even when ſhe was in heat: She was the weakeſt, 


« yet the moſt miſchievous ; provoking, attacking, and biting 
the Dog, which at firſt only defended itſelf, but at laſt 


« killed her.” And in another part of his work, he makes 
the following obſervation : . The Dog, the Wolf, the Fox, 
„and the Jackal, form a genus, of which the different ſpe- 


« cies are really ſo nearly allied to each other, and of which 
the individuals reſemble each other ſo much, particularly by 
« the internal ſtructure and parts of generation, that it is diffi- 


e cult to conceive why they do not breed together *. 


* In the Supplement to his Works, he gives the following account which had 
been ſent to him. A very young She-wolf, brought up at the Marquis of Sron- 
„% TIN*'s, at Namur, had a Dog, of nearly the ſame age, kept with it as ® 
% companion, For two years they were at liberty, coming and going about the 
« apartments, the kitchen, the ſtables, &c. lying under the table, and upon the 
* feet of thoſe who ſat round it. They lived in the greateſt familiarity, 

„The Dog was a ſtrong Greyhound. The wolf was fed on milk for ſix months 


** after that, raw meat was given her, which ſhe preferred to that which 3s 
64 dreſſed. 
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2 Wolf, ; Jackal r 255 


| This 1 af natural hiſtory lay dormant till Mr. Go von, 
who ſells birds and has a collection of animals on Holborn 
Hill, repeated the experiment on a Wolf. bitch, which was very 
ume, and had all the actions of a Dog under confinement. 
A Dog is the moſt proper ſubje& for compariſon, as we have 
opportunities of being acquainted with its diſpoſitions and 
modes of expreſſing its ſenſations, which are moſt diſtivguiſh- 
able in the motion of the ears and tail; ſuch as pricking up 
the ears when anxious, withing, or in expectation; depreſſing 
them when. ſupplicant, or in fear; railing the tail in anger or 
love, depreſſing i it in fear, and moving it laterally in friend- 


| hip; and likewiſe in raifing the hair on the back from many 


affections of the mind. This animal became in heat in the 
month of December 1785; and as Mr. Goucn had ſome idea 
of breeding from- wild animals, as Monkies, Leopards, &c. 
he was anxious to have the Wolf lined by ſome Dog ; but ſhe 


« dreſſed. When ſhe ate no one durſt approach her; but at other times people 

might do as they pleaſed, provided they did not uſe her ill. Ar firſt ſhe made 

N much of all the Dogs which were brought to her; but afterward ſhe gave the 
preference to her old companion, and from that time ſhe became very fierce 

* if any ſtrange Dog approached her. She was lined for the firſt time on the 

* 25th of March; this was frequently repeated while her heat coutinued, which 

* was ixteen days; and ſhe littered: the 6th of June, at eight o'clock in the 


Ts morning; the period of geſtation was therefore ſeventy three days at the 


* moſt *, She brought forth four young ones of a blackiſh colour, ſome of 

* whoſe feet, and a part of the breaſt, were white; in this reſpect taking after 
the Dog, who was black and white. From the time ſhe littered ſhe became 
* ſurly, and ſet up her back at thoſe who came near her; did not know her 
* maſters, and would even have killed the Dog, if it had been in her power,” 


* This is a longer period than in the Bitch by at leaſt ten days; but as the account was made from the 


firſt time of her being lined, and ſhe was in heat for a fortnight; and lined in that time, it is very 


probable, if the time was known when. ſhe conceived, that it. would prove to be the ſame period as in 
the Dog. 


would 
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not being accuſtomed to be with Dogs, and being always 


chained. She was held, however, while a greyhound Dog ln 


her, and they were faſtened together exactly as the Dog and 
Bitch. While in conjunction ſhe was pretty quiet; but when 


at liberty, ſhe endeavoured to fly at the Dog. In this way ſhe 
was twice lined. She conceived, and brought forth four young 
ones. 'The time ſhe went with young was not exactly known; 


but it was believed to be the ſame as in the Bitch. Two of the 


puppies were like the Dog in colour, who had large black ſpots 
on a white ground; one was of a black colour, and the fourth 


of a kind of dun, and would probably have been like the 
mother. She took great care of them, yet did not ſeem very 


anxious when one was taken from her by the keeper 3 nor did 


ſhe ſeem afraid when ſtrangers came into the room. Uufortu- 
nately theſe experiments were carried no further; one being 


ſold to a gentleman, who carried ĩt to the Eaſt- Indies; and the 
other three were killed by a Leopard, one of which I was to 


have had. The ſame Wolf was in heat in December 1786, and 


was lined ſeveral times by a Dog. She pupped on the 24th of 


F ebruary 1787, and had ſix puppies, which may afford oppor- 


tunities, if they are thought neceflary, of repeating experi- 


ments on this ſubject. 


While purſuing this ſubject, 1 was Jan, that Captain 
Means, of the Royal Biſhop Eaſt- India- man, had brought 
home a bitch Jackal with young, which had brought forth 
ſoon after his arrival; and that he had given the bitch Jackal 
and one puppy to Mr. BAILEY, Bird-merchant, in Piccadilly. I 
went to ſee them, and purchaſed the puppy, the ſubject of 
the following experiment, which had dif, poſitions very ſimilar 
t0 
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p n oF "the Wag, Ja kal, \ ond Dog. - In * 
ebred Welk; which 1, had from Mr. Noa before 
To have a true 54 of this animal, 1 too k the We” of 

writing to Mr. Mans, who politely called upon me, and, at 

my requeſt, put down the particulars 1 in the form of a letter 

to me, of which the following is 6 


— 


8 I R, 

I had the honour of yours the 15th inſtant ; and with re- 
card to the female Jackal, I can aſſure you, that ſhe took a 
ſmall ſpaniel Dog of mine on board my ſhip, the Royal Biſhop. 
I had her, when a cub, at Bombay; and a very ſhort time 
before I arrived in England ſhe got to heat, and enticed this 
ſmall dog into the long-boat, where I ſaw them repeatedly 
faſt together. 1 brought her to my houſe in the country, 
where ſhe pupped fix puppies, one of which you have ſeen. 
Mr. Pl Aw, at Ne go, Tottenham-Court-Road, has a Dog- 
puppy, which will be at your ſervice at any time you chuſe to 
ſend for him, to make any further experiments: I called on 


Mr. Praw, and got his promulet to let you have the * 


1 have the honour to be, Sir, Kc. 


Wy. Means, 


I6th Jan, 1786, 


P. S. I had the Bitch on board fourteen months. 


Vor. LXXVII. 24 


; * — — reer Z — — 


11 IE e 
" yl LA its Pop to the Cobntry, and chained it vp ner: 
naſtiff Dog, and they were very familiar, and ſeemingly fond 
of each other. "When the Bitch' became firſt in heat, 1 could 
dt get a proper Dog fot her; but the latter end of September 
being again in the ſame ſituation, ſeveral Dogs were procured; 
and left with her. They appeared indifferent about her, pro- 

'  bably from being in a ſtrange place; and the did not ſeem in- 
clined to be familiar with them ; whether the great Dog might 
be able to line her I do not know; ſhe was, however, twice 
tied by a Tarrier on the 3d of October. In a few weeks ſhe 
was evidently | become bigger; and on the zoth of November, 
in all fifty-nine days, ſhe brought forth five puppies. Some 
days before this period” the dug a hole under ground, by the 
fide of her kennel, in which the brought forth, and it was 
ſome time before ſhe would allow the puppies to ſtay in the 
Kennel when put there. In about eight days ſome, and nine 
days others of them began to open their eyelids. 
Here then 1s an abſolute proof of the Jackal being a Dog; 
and i it appears to me, that the Wolf is equally made out tobe 
of the ſame ſpecies. It now then becomes a queſtion, whe- 
ther the Wolf is from the Jackal, or the Jackal from the 
Wolf, fuppoſing they had but one origin? From the ſuppoſi- 
tion, that varieties become more tame in their nature, we 
ſhould be led to believe, the Wolf to be the original, and that 
the Jackal was a ſtep towards civiliſation in that ſpecies of 
animal. There are Wolves of various kinds, each country 
having a Wolf peculiar to itſelf; but the Jackals that I have 
ſeen have been more uniformly the ſame, both thoſe from 
Africa, and thoſe from the Eaſt-Indies. I am informed, how- 
ever, that they vary in ſize. Whether all the Wolves of dit- 
ferent countries are of one ſpecies, or ſome of them only of the 
{ ame 


Wh do norkpaw;, bur th uld them 
p be all of one ſpecies... What is . me an argument in 
favour of this — is, that, if there were Wolves of 

diſtin ſpecies, -we ſhould have had by this time a great variety 
of that ſpecies of Wolves, with the various diſpoſitions arifing 
from variation in other reſpects; and thoſe varieties now 
turned to very uſeful purpoſes, as has been the caſe with 
the Dog ; for all the Wolves we are yet acquainted with, 

have naturally the principle of cultivation in them, as much 
probably as any animal, or as much at leaſt as thoſe Wolves we 
now know to be Dogs. The not having a civiliſed ſpecies of 
Wolf is, indeed, with me a proof that they are all of the ſame 

| ſpecies with the Dog. If they are all of the ſame ſpecies with 
the Dog, then the firſt variety that took place was till in the | 
character of a Wolf, differing only in colour, or ſome trivial 
circumſtance, which could only take place from a difference in 
climate ; civiliſation or cultivation in a ſtate of nature being 
the ſame in them all. Where they became Jackal, or what, 
we now call Dog, is difficult to ſay; or what Dog we can call 
the firſt remove, as many Dogs differ very much from one 
another; or whether the Jackal is the intermediate link be- 
tween the Wolf and the Dog. In either caſe we have three 
great varieties in this ſpecies, Wolf, Jackal, and Dog, with the 
varieties in each. If the Dog is proved to be the Wolf tamed, 
the Jackal may probably be the Dog returned to his wild 
ſtate. 
To aſcertain the original animal of a ſpecies, it is proper to 
examine all the varieties of that ſpecies, and ſee how far they 
have the character of the genus, and what reſemblance they 
bear to the other ſpecies of the genus; for it is natural to ſup- 
pole, that the original, or the animal which is neareſt to it, 
Q 9 2 will 
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m_ 1. e i 9 
ä mapriyy prune and wi 
Have a ſtrunget feſethblanee to che ſpecies neareſt * _ 
- Mark 2ny of the other varieties of its own ſpecies. | 
If we apply this to the Dog, and conſider ahi Fox as 2 
| diſtin ſpecies, which there is great reaſon to believe it is, that 
variety which has the ſtrongeſt reſemblance to the For, is ty 
be looked upon as the — of all the others; which wil 
ons to be the Wolf. 
Another mode of confidering this | ſubject, which is ou 
ever ſecondary to the above, is, ſuppoſing that all animals 
were at firſt wild; and, therefore, that thoſe animals which 
remain wild, are the original ſtock ; and that the further we 
find animals removed from their originals in appearance, they 
are really further removed in conſequence of variation taking 
place from cultivation, ſo that we may ſtill be able to trace the 
gradation. What gives ſome force to this idea is, that where 
the Dogs have been leaſt cultivated, there they ſtill retain moſt 
of their original character, or ſimilarity to the Wolf or the 
Jackal, both in ſhape and diſpoſition. Thus the ſhepherds 
Dog, all over the world, has ſtrongly the character of the 
Wolf or Jackal; ſo that but little difference is to be obſerved, 
except. in fize and hair. Size is, perhaps, a variety raking 
place under a variety of circumſtances; but difference in hair 
is, in general, influenced by climate, although perhaps not 
always fo. Thus the Wolf has longer and ſofter hair than 
the Jackal, becauſe he is a more northern animal ; and the 
Jackal and ſhepherd's Dog in Portugal and Spain have ſhorter 
and ftronger hair than thoſe of Germany or Kamchatka, from 
inhabiting warmer climates. But when we conſider their ge- 
neral ſhape, the character of countenance, the quick manner 


with the pricked and erect ears, we muſt ſuppoſe them varieties 
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ſtribed as characteriſtie of the Dog: but, I believe, it is com- 


mon to moſt animals, and only marks the male; for it is the 
moſt certain way the male has of knowing the female, and 
zo diſcloſes another ſcent, which is the final intention, whe. 
ther the female is diſpoſed to receive the mile. {Ye | 
The Eſquimaux Dog, and that found among the fades 28 
far ſouth as the Cherokees ; the ſhepherd's Dog in Germany, 
called Pomeranian ; the ſhepherd s Dog in Portugal and Spain; 
have all a ſtrong ſimilarity to the Wolf and Jackal. 
_ Buyeyox, on the origin of Dogs, ſeems to have poſlefled 
nearly the fame idea; for he ſays the ſhepherd's Dog is the 
original ſtock from which the different races of Dogs have ſprung. 
As the Wolf turns out to be a Dog, it ſeems aſtoniſhing, 
that there was no account of Dogs being found in America. 
But this I conſider as à defect in the firſt hiſtory of that country, 
for there are Wolves; and I think, in ſpite of all that has 
been ſaid to the contrary, the Eſquimaux and Indian Dog is 
only a variety from a Wolf in that country, which had been 
tamed. Mr. Cameron, of Titchfield-ſtreet, who was many. 
years among the Cherokees, and conſiderably to the weſtward. 
of that country, obſerves, that the Dog found there is very 


fimilar to the Wolf; and that the natives conſider it to be a 
ſpecies of tame Wolf but as we come more among the Euro- 


peans who have ſettled there, the Dogs are more of a mixed 


breed; for why they ſhould only have had this kind of Dog 
tranſported among them, while every other part of America 


has the varieties of Europe, is not eaſily ſolved. 


* 


The voice of animals is commonly characteriſtic of the ſpe- 


cies; but I ſhould ſuppoſe, it is only characteriſtic of the 


original es, and not always of the variety, and this 
ſuppoſition 
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8 ſuppoſition. Holds good in the Dog ſpecies. It would appea, 
that the voice of the Wolf and the Jackal is very ſimilar, ang 
= principally conveyed through! the noſe, and exactly reſembles 
that noiſe in Dogs, which is a mark of longing or melancholy, 
and alfo of fondneſs; but has no reſemblance to the bark of 
the 'Dog, which they do not perform. Barking is peculiar 
to certain varieties of the Dog kind, and even ſome that do 
bark, do it leſs than others. The Dogs in the South-Sea 
iſlands do not bark : our Greyhound barks but little; while the 
Maſtiff, and many of the ſmaller tribe, as Spaniels, are parti- 
cularly noiſy in this way. It would appear as if the frequency 
of this noiſe aroſe from imitation ; for the Dogs in the South» 
Seas learn to bark; and others, as the Hound, have a peculiar 
howl, which, by huntſmen, is called the tongue. This noiſe, 
as alſo the bark, is made by opening the mouth. A variety in 
the voice, or ſome parts of the voice, in the varieties of the 
fame ſpecies, | is not * to the Dog. 
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Nv. N on Ns S of the 7 itriolic Acid, By 
James Keir, Eſq. F. R.S.; communicated by Henry Cavern. 
diſh, 94 F. R. S. 


Read May 3» 1787. 


HA the vitriolic acid ſometimes aſſumes a ſolid, cryſtal- 
line ſtate, has been obſerved by Basrr VaLENTINE, and 

by many later chemiſts ;. but their relations of this appearance are 
neither ſufficiently explicit, with regard to the eſſential and con- 
comitant circumſtances, nor do they ſeem very confiſtent with 
ach other. It appears, however, that two very diſtinct ſ pecies of 
congelation- of this acid have been noticed. That which is 
deſeribed by the older chemiſts, and alſo by ſome modern 
zuthors, requires no greater degree of cold than the common 
temperature of the air, even in ſummer, and is peculiar to 
that acid which is obtained by diſtillation from martial vitriol, 


and which is poſſeſſed of a ſmoking quality in a high degree: 


obſerved, have given this deſcription of the acid employed, 
but alſo the late experiments of M. Dol Lyuss * ſeem to 
ſhew, that the ſmoking quality is eſſential to the phenomenon; 
for neither the acid obtained from vitriol, when deprived by 


vitriol (which is known to be obtained by burning ſulphur, and 


* Crell Annalen 1785. 
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for not only the authors, by whom this congelation has been 


reQification of its ſmoking quality, nor the Engliſh oil of- 
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ceptible of this ſpecies of congelation. - The acid, thus con- 


lately. To this congelation every kind of vitriolic acid is ſub. 
ject, whether it ſmokes or not, and whether it has been pre. 
pared from martial vitriol, or from ſulphur, provided the 
cold to which it is expoſed be ſufficiently intenſe : for the 
cold, requiſite for this ſpecies of congelation, 1s conſiderably 
greater than what is ſufficient for the former. TT 


lation of concentrated vitriolic acid, which had been expoſed toa 


could not be frozen by the cold to which he expoſed them, till 
he had diluted the acid ſo much, that its denſity was to that 
of water as 1041 to 96; in which latter caſe of congelation, 
it is probable, that the water only did freeze, as it does in 
dilute ſolutions of neutral ſalts. M. DE Morveau + has made 
ſimilar experiments, with a view to verify t thoſe of the Duke 
D'AYEN, and with fimilar ſucceſs. By means of an intenſe 


.congealed a part of ſome vitriolic acid, which he had pre- 


and that it thawed very flowly. Laſtly, ſore e experiments 


"Which does not Huw), 5 were Sad hy bis wk to be ſac 


gealed, has been called glacial, or icy oil of vitriol. 
The other, kind of congelation has been little noticed tilt 


Mr. Macau relates, in the ſecond edition of his DiRtionary 
of Chemiſtry *, that the Duke D'AvyEN had obſerved the conge- 


cold expreſſed by 13 or 14 degrees below o of REaunus's 


mentioned concentrated acid, with two or more parts of water, 


cold, produced by adding ſpirit of nitre to pounded ice, he 


viouſly concentrated. He obſerved, that although a very in- 
tenſe cold had been employed to freeze the concentrated acid, it 
nevertheleſs remained congealed in much leſs degrees of cold, 


is Article, Vitriolic Acid, 


7 Mem, de VAcad. de Dijon, pour 1782. 
| have 


ave 


3 ; 1 d Arid, 248569 7 
A lately been made by Mr. M* Nas, at Hudſon's Bay, on 


the eongelation of acids by intenſe cold; an account of which 


experiments is given in the Philoſophical Tranſactions for 
1786, by Mr. Cavenvisy, at whoſe defire they had been 
made. Theſe experiments are the more valuable, as the den- 


ſty of the acids employed, and the temperature, and other 


concomitant circumſtances, have been diſtinctly noted; and 


they are rendered ſtill more intereſting, by the very judicious 
remarks made on them by Mr. CAvENDTsH. It is there re- 
lated, that a vitriolic acid, whoſe ſpecific gravity was to that 


-15* of FAHRENHEIT's ſcale ; that another more dilute vitri- 
olic acid, conſiſting of 629 parts of the former concentrated acid, 


and 351 parts of water, congealed in a temperature of — 36*; 


and that when the acid was further diluted, it was found 
capable of ſuſtaining a much greater cold without freezing. 


| In theſe experiments, as alſo in thoſe of M. vs MorvgAu, it 


appeared, that the whole of the acid did not congeal, but that 
part of it retained its fluidity. Mr. CAvENDIsH found, on 
examining the part which had congealed, and that which had 
remained fluid, that they were nearly of the ſame ſtrength ; 

and he is thence led to think, that the difference between them, 


does not depend on their different ſtrengths, but on ſome qua- 
lity leſs obvious, and the ſame which conſtitutes the difference 


ments which had been made by the Duke DAxEN, M. Ds 


Moxveav, and Mr. Me Nas, the vitriolic acid, when ſtrong, 
had frozen with leſs cold than when diluted ; but theſe experi- 
ments did not enable Mr. Cavenpisn to determine, whether 


this acid has any determinate ſtrength or point of eaſieſt freexing 
Vor. LXXVII. R r (ſuch 


of water as 1843.7 to 1000, froze when expoſed to a cold of 


by which the one is more diſpoſed to congeal than the other, 


between glacial and common oil of vitriol. In all the experi- . 
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(fork as he had diſcovered to be poſſeſſed by: ſpirit of nitre), 
or whether the cold requifite for congelation does not con. 
tinually diminiſh, as the ſtrength of the acid increaſes, without 
limitation. This latter opinion he thinks the moſt probable, 
from the circumſtance of the Duke D'AyEn's and M. DE Mon. 
VEAv's acids having frozen with a conſiderably leſs intenſe 
cold than thoſe of Mr. Me Na B, which, he ſuppoſes, were 
| weaker, as the former acids had been concentrated purpoſely. 
The obſervations which I have made, and am going to relate, 
apply ſolely to the latter kind. of congelation of the vitriolic 
acid, as the acid which I employed was of the kind that I$ 
prepared by burning ſulphur, and is commonly ſold in Eng- 
land under the name of oil of vitriol, and was perfectly free 
from colour, ſmell, or ſmoking quality. After a ſevere froſt 
at the end of the year 1784, and beginning of 1785, Job- 
ſerved that ſome vitriolic acid, contained in a corked phial, had 
congealed; while other parcels of the ſame acid, ſome ſtronget 
and forme weaker, equally expoſed to the cold, had remained 
fluid. As I imputed the congelation to the great intenſity of 
the cold, I was afterwards much ſurpriſed, when the froſt 
ceaſed, to find that the acid remained frozen during many days, 
when the temperature of the air was ſometimes above 40˙ſ of 
FankenHeiT's ſcale; and when the congealed acid was 
brought into a warm room, purpoſely to thaw it, a thermo- 
meter, placed in contact with it during i its thawing, continued 
ſtationary at 455 From theſe circumſtances I concluded, that 
the freezing and thawing point of this acid was very near the 
laſt mentioned degree; and, accordingly, upon expoſing the 
liquor which had been thawed to the air, at the temperature of 
39), the congelation again took place in a few hours. From 
the circumſtance of other parcels of the ſame acid, but of 

ES different 
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different ſtrengths, remaining fluid, although they had been 
expoſed to a much greater cold than Was neceſſary for the con- 
gelation of that acid liquor which had frozen, I was led to 
believe, that there muſt be ſome certain ſtrength at which the 
ritriolic acid was more diſpoſed to freeze than at any other, 
greater or leſs. I knew that the ſpecific gravity of the acid which 
had frozen was nearly to that of water as 1800 to 1000, and that 
of the ſtronger acid, which had not frozen, was as 1846 to 
1000; which laſt is the uſual denſity of the oil of vitriol com- 
monly fold in England. I knew alſo, that the acid which had 
frozen was in no reſpe&t but in ſtrength different from the 
ſtronger acid which had retained its fluidity ; having myſelf, 
ſome weeks before, taken the former acid from the bottle con- 
taining the latter, and diluted it with water r till it was reduced 
to the ſpecific gravity of 1800. 
Although from the above obſervations I was inge of 
the propoſition generally, that the vitriolic acid is moſt diſ- 
poſed to freeze when at a certain ſtrength, and then it is ſuſ- 
| ceptible of congelation by means of much leſs cold than has 
been hitherto imagined; yet, as only part of my acid had 
frozen, I could not with certainty know the ſtrength of the 
frozen part, and I therefore was not able to ſtate, with any 


a accuracy, the degree of ſtrength moſt favourable to congela= lf 
* tion, nor the limits of ſtrength within which the acid may be 
a congealed by ſuch moderate cold. In the following winter 1 

at had not leiſure to purſue the ſubject; but ſince the commence- 

* ment of the preſent year, I have verified my former obſerva- 

N tion with more attention to the exact denſities of the acids; 

— and J have found, that the point of ſtrength moſt favourable 

to congelation 1s very determinate, and that a very ſmall varia 4 
a tion above or below that point renders the acid incapable of 1 


freezing without a conſiderable augmentation of cold. As the - if 
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acid, when brought to the proper ſtrength, was capable 'of 
freezing with leſs cold than water does, I immerſed ſevery 


acids of different ſtrengths f in melting ſnow, inſtead of expo- 


ſing them to the air, the temperature of which was variable, 
whereas that of melting ſnow was conſtant and determinate. 
Thoſe acids which would not freeze in melting ſnow, were 
afterwards immerſed in a mixture of ſnow, water, and com- 
mon falt, the temperature of which was not ſo conſtant. and 
| determinate as that of melting ſnow ; but it generally remained 
for ſeveral hours at about 18*, and was ſometimes ſeveral degrees 
lower. The intention of adding water to the ſnow and ſalt 
was to leſſen the intenſity of the cold of this mixture, and to 
render it more permanent than if the ſnow and ſalt alone were 
maxed. 
The . which had frozen in melting Grow, and which 
were five in number, having been thawed and brought to the 
temperature of 60®, were found on examination to have the 


following ſpecific gravities. 15 


1775 

Fhoſe acids which would not freeze in melting "TERS but 
which froze when immerſed in ſnow, water, and falt, having 
been expoſed to. a greater cold, were of a greater latitude of 
denſity. Their ſpecific gravities, when brought to the tempera- 
ture of 60®, were found to be expreſſed by the following 
numbers. 


1814 
1810 


the Congleton of 1 1 uro Acid. 


1804 


1794 


1790 
1770 
1759 
1750 


The acids which remained, and which would not freeze 
either in melting ſnow, or in the mixture of ſnow, - falt, and 
water, were found on examination to have the following ſpe- 


cific gravities.. 


1846 


1839 
1815 
1745 
1720 
1700 
1610 


1551 


ha appears, from the firſt table of ſpecific gravities, that the 
medium denſity of the acids which did freeze with the cold of 
melting ſnow was 1780; and from the ſecond table it appears, 
that, at the denſities of 1790 and 1770, the acid had been 
incapable of freezing with that degree of cold. Hence it fol- 
lows, that 1780 is nearly the ſtrength or denſity of eaſieſt 
freezing ; ; and that an increaſe or diminution of that denſity, 
equal to th part, renders the acid incapable of freezing 
with the cold of melting ſnow, notwithſtanding this cold is 
ſome degrees above the freezing point of the moſt congelable 
acid. From the ſecond table of ſpecific gravities it appears, 
that by applying a more intenſe cold, namely, that produced 
by a mixture of ſnow, ſalt, and water, the limits of the den- 
ity of the acids capable of congelation were extended to about 


777 above or below the point of eaſieſt freezing: and there 
| ſeems: 


—— — — — — < 
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ſeems little reaſon to doubt, that, by greater augmentations of 


cold, theſe limits may be further extended ; but in what ratio 
theſe augmentations and extenſions proceed cannot be determined 


U 


without many obſervations made in different temperatures. 


Although it is probable, that the moſt concentrated acids 
may be frozen, provided the cold be ſufficiently intenſe, yet 


there ſeems to me reaſon to believe, that ſome of the congela- 


tions which have been obſerved in highly concentrated acids 


have been effected in conſequence of the denſity of theſe acids 


having been reduced nearly to the point of eaſy freezing by 


their having abſorbed moiſture from the air: for the Duke 


D'AYEN and M. DER MorvEAv expoſed their acids to the air, in 


cups or open veſſels ; - and the latter author even acquaints us, 


that, on examining the ſpecific gravity of the acid which had 


frozen, he found it to be to that of water as 129 to 74; which 
denſity being leſs than the point of eaſieſt freezing, proves that 
the acid which he employed, and which he had previouſly 
concentrated, had actually been weakened during the experi- 
ment. I have ſeveral times expoſed eoncentrated oil of vitriol in 
open veſſels in froſty weather; and I have ſometimes, but not 


always, obſerved a cengelation take place. Upon ſeparating the 
fluid from the congealed part, and upon examining the ſpecihe 
gravity of the latter, after it had thawed, I found that it had 


been reduced to the ſtandard of eafieft freezing. When the 


congealed acid was kept longer expoſed, it gradually thawed, 
even when the cold of the air increaſed ; the reaſon of which 
is not to be imputed to the heat -produced by the moiſture of 
the air mixing with the acid, for this eauſe operated during 
the congelation, but principally to the diminution of denſity 
below the point of eaſy freezing, which was occaſioned by the 
continued abſorption of moiſture from the air, and which 


rendered 
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endered the acid incapable of ** frozen without a 
great increaſe of cold. 

It appears then, that the concentration of M. oz Mon- 
1EAU'S acid, at the time of its congelation, from which cir- 
cumſtance Mr. CAvxx Disk iufers generally, that the vitriolic 
cid freezes more eaſily as it is more denſe, is not a true pre- 
miſe; and that therefore the inference, though juſtly deduced, 
is invalid. On the contrary, there ſeems every reaſon to be- 
lieve, from the analogy of my experiments above mentioned, 
that as the denſity of the acid increaſes beyond the point of 
afieſt freezing, the facility of the congelation diminiſhes ; at 
laſt, to as great denſity as we have been ever able to obtain 
the vitriolic acid; for if it were poſſible to diveſt it intirely of 
water, it would provebly aſſume a ſolid ſtate 1 in any tempera- 
ture of the air. el 

The cryſtallization of the frozen vitriolic acid is more or leſs 
diſtin&t, according to the ſlowneſs of its formation, and other 
fwourable circumſtances. Sometimes the cryſtals are very 
uſtinQly ſhaped, large, and very hard. Their form is the 
lame as the common form of mineral alkali and of ſelenitic 
ſpar, but with angles different in dimenſions from either of 
theſe. They are ſolids conſiſting of ten faces, of which the 
two largeſt are equal, parallel, and oppolite to each other, and 
are oblique· angled parallelograms or rhomboids, whoſe angles 
we, as near as I could meaſure them, of 105 and 75 degrees. 
between theſe two rhomboidal faces are placed eight faces of 
the form of trapeziums. Thus each cryſtal may be ſuppoſed 
vo be compoſed of two equal and ſimilar fruſtums of pyramids | 
pined together by their rhomboidal baſes. I obſerved, that the 
yſtals always ſunk in the fluid acid to the bottom of the veſſel, 


Wich ſhewed that their denſity was increaſed by congelation. 
I thought 
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1 thought of aſcertaining their ſpecific gravity by adding g 
dually to this fluid part ſome concentrated vitriolic acid, til 
the cryſtals ſhould float in the liquor, the examination of 
Whoſe ſpecific gravity would determine that of the floating cry- 
ſtals. But I was ſurpriſed to find, that the cryſtals ſunk even 
in the concentrated acid, and conſequently were denſer, ] 
then poured ſome of the congelable acid, previouſly brought 
to the freezing temperature, into a graduated narrow cylin- 
drical glaſs, up to a certain mark, which indicated a ſpace 
equal to that occupied by 200 grains of water. The glaſs was 
Placed in a mixture of ſnow, falt, and water, and when the 
acid was frozen, a mark was made on the part of the glaſs to 
which the acid had ſunk. Having thawed the acid, and 
emptied the glaſs, I filled it with water to the mark to which 
the acid had ſunk by freezing, and I found, that fifteen grains 
more of water were required to raiſe it to the mark expreſſing 

200 grains; which ſhews, that the diminution of bulk, fuſ- 


tained by the acid in freezing, had been equal to 3 of the 


whole. 


Computing from this datum, we mould eſtimate the | yecific 
gravity of the congealed acid to have been 1924; but asit 
contained evidently a great number of bubbles, its real. ſpecific 
_ gravity muſt be conſiderably greater than the above determine 
tion, and cannot eaſily be aſcertained on account of theſe bub- 
bles. By way of compariſon, I obſerved the alteration of 
bulk which water contained in the ſame cylindrical glaſs would 
ſuffer by freezing ; and 1 found that 1 its expanſion was equal bo 
about .;th part of its bulk. The water had been previoull 
bales; "hue 1 it nevertheleſs contained numberleſs bubbles. I 
this reſpect then there is a remarkable difference between te 
congelations of water and of vitriolic acid; but, perhaps, the 
| difference 


dfference\ ariſes principally from the bubbles of elaſtic fluid, 
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ohich may be in greater quantity, and = add more to the 
bulk of the water than of the acid. 


Greater cold is produced by mixing ſnov- or de ice with 


he congealed than with the fluid acid, but the quantity I 
have not determined. There .i is reaſon to believe it may be 
conſiderable. In the experiments made at Hudſon's Bay, by 
Mr. Me Nas, the greateſt cold which he had produced by 
mining acids with ſnow, was effected by a vitriolic acid which 
had previouſly congealed; and to this circumſtance of the 
congelation of the acid, Mr. Cavenpisn. juſtly imputes the 
intenſity of the cold, as the liquefaction of both the frozen 
acid and the ſnow had concurred towards this effect; whereas, 
in mixing fluid acids with ſnow, the thawing of the ſnow 1s 
py the ſole productive cauſe. 6 r= 

I was defirous of comparing the times required for the lique- 
faction of ice and of congealed acid, when both were expoſed 
to the ſame temperature. For this purpoſe I filled two equal 
and ſimilar cylindrical glaſſes; one with the congelable vitriolic 
acid, and the other with water ; and, after having immerſed 
them in a freezing mixture till both fluids were frozen, and 
reduced to the temperature of 28?, I withdrew the glaſſes from 


| the freezing mixture, wiped them dry, and placed them toge- 
| ther in a room, where the thermometer ſtood at 62*, Ia 40 


minutes the ice was thawed. and in 95 minutes the acid was 


| liquefied, at the end of which time the thermometer, which 


ſtood near the glaſſes, had riſcn to 64. It appears then, that 
the congealed acid requires more than twice the time for its 


liquefaction, when expoſed to that temperature, that ice does; 


but J do not think that we can infer, that the heats abſorbed 
and rendered latent, as ſome late philoſophers expreſs them- 
Vor. LXXVII. = ſelves; 


* V 3 Sy * F N « 
1 * * 
* 
» 
. 
- - 
A 
- l © = 
k X 
- ” 
. ” 
>, 8 , 
= * 
. 2 
* 
: 


proportion of the times, from the following confi ideration; 
that, as during the liquefaction of the ice, its temperature 


acid, its temperature remains about 44 or 45, the ice, being 
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and hence it appears probable, that in making experiments of 


cold temperatures, it would probably be uſeful to employ a 


to the ſums of the colds generated by the ſeparate liquefactions 


mixture of theſe ingredients in a fluid ſtate, to be ſubject to 
different laws relatively to heat, than either of the ingredients 


teract, in ſome meaſure, the cold produced by the 1 
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AER or, in other words; that the cold” generated by EY 
liquefation of ice and of congealed acid are: in the aboye 


remains ſtationary at 32%, and during the liquefaction of the 


conſiderably colder than the acid, will ke * 1 e the 
nen air much faſter. 1 EH . 

The experiment does however bew, b 2 adden 
quantity of cold is generated by the liquefaction of this acid; 


producing cold artificially, by mixing ſnow with acids in very 


vitriolic acid of the proper denſity for congelation, and to tha 
freeze it previouſly to its mixture with ſnow. * | WL 
It muſt not, however, be imagined, that the cold — | Bre 

by the mixture of theſe two frozen ſubſtances is nearly equal I 17 


of the congealed acid and ice, when fingly expoſed to a thaw- 
ing temperature: for the mixture reſulting from the lique- 
faction, conſiſting of the vitriolic acid and the water of the 
ſnow, appears, from the generation of heat which occurs in the 


ſeparately. And the heat, thus generated, as ſoon as the 
congealed acid and ice are brought to a fluid ſtate, muſt coun- 


faction. 
The vitriolic acid, like water and other fluids, is capable of 
retaining its fluidity when cooled conſiderably below its freez- 
ing point, I placed a phial, containing ſome congelable 
| vitriolic 


. . in a mixture of alt, ſnow, and water; and ſoon 


* 
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ifterwards, while the acid was yet fluid, I immerſed-in it a 
thermometer, the mereury of which quickly ſunk from 50? 
10-29% While I was moving the thermometer in the fluid, in 
order to make it acquire the exact temperature, I ſaw the mer- 
cury ſuddenly riſe, and upon looking at the acid, I obſerved 
numberleſs ſmall cryſtals floating in it, which had been ſud · 
devly formed. The degree to which the mercury then roſe was 
46'}- Another time, whilesthe acid was — * thermo 
meter placed in it ſtood at 45. 

From the above odſervations, the following WII ms 

he drawn. -; | 

1ſt, That the vitelalic als has @ Point of eaſieſt freminge 
that is, there is a certain ſtrength or denſity, at whieh this acid 
freezes with conſiderably leſs cold than at any other ſtrength, 
| greater or leſs ; and that this * is ny to that of water as 

1780 is to 1000. | 
2dly, That the greater or leſs Aiſpoſition of tn of 
the vitriolic acid, which is free from' the ſmoking quality that 
| 1s peculiar to the acid obtained by diſtilling martial vitriol, does 
not depend on any other quality or circumſtance than its 
ſtrength or denſity. 

3dly, That the freezing and dealing degree of the moſt 


congelable acid is about 45 of FaurEnnerT's ſcale. It is, 


however, to be obſerved, that this degree is inferred from the 
temperature indicated by the thermometers immerſed in the 
freezing and thawing acids; but that I never effected the con- 
gelation of the fluid acid, without expoſing it to a greater cold, 
namely, either that of melting ſnow, or of the external air in 
froſty weather. 


814 Like 


a 


480 12 — — | 
Like water, this acid poſſeſſes the property of retaining it 
fluidity when cooled ſeveral degrees below its freezing point; 
and of -rifing ſuddenly to this point, when its congelation/i 
promoted by agitation, or by contact with even a warmer 
thermometer. 


Athly, That, like water and other congilidle Auids, the 
vitriolic acid generates cold during its liquefaction, and heat 
during It» congelation ; the quantity of which heat and cold, 
ſo generated, remains to be determined by future experiments, 

5thly, That the acid, by congelation, when the circum- 
8 ſor diſtinct cryſtallization are favourable, aſſumes a 
regular cryſtalline form, a conſiderable ſolidity and hardneſs, 
and a denſity much greater than it poſſeſſed in a fluid tate. 
With reſpe& to the firſt mentioned ſpecies of congelation, 
is peculiar to the ſmoking vitriolic acid that is procured 


— 


which is 
from martial vitriol, although I have had no opportunity of 


ſeeing it, as all the vitriolic acid, that is uſed in this country, 
is obtained by burning ſulphur, yet I will beg leave to ſug- i 
geſt, that it may be worth the attention of thoſe chemiſts to 

whom it occurs, to obſerve more accurately than has been 
done, the freezing temperature and the denſity of the con- 
gelable acids; and to examine whether the denſity of this 
ſmoking acid alſo is connected with the glacial property. It 
ſeems further to be deſerving of inveſtigation, whether there 

is not ſome analogy between the congelation of the ſmoking 
oil of vitriol, and the very Curious cry rſtallization which Dr. 
PRIESTLEY obſerved in a concentrated vitriolic acid, faturated 


with nitrous acid vapours * and whether this ſmoking quality 


does 


» Experiments and Obſervations nag to various Branches of Natural | 
| Philoſophy» 
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does not proceed from ſome marine or other volatile acid, 


vit 

Philoſophy, vol. I. p. 26. and 450, M. Connurrs has alſo eſſected the « ery- 
tallization of vitriolic acid by diſtilling it with nitrous 0 and charcoal, Me- 
moir. de e des Scienc. a pour 1779. 


riolic acid 1s obtained. 


which may be contained in the martial vitriol, whence the 
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XVI. An Account of ſome new Experiments on the Produ 
of abtifical Cold. In @ Letter from Thomas  Beddoes, 
N. D. 10 Sir * * Bart. P. R. S. 


3a 6 alt 
Read May 10, 1787. 5 


DEAR SIR, 1 Oxford, May 2, 158). 


TR. Walken, A to the Radcliffe Infirnacy 
| here, has been engaged upwards of a year in a ſeries 
of experiments on the means of producing artificial cold, ſeve- 
ral of which ſeem to me to be very remarkable, and ſuch as, con- 
fidering their novelty, and the attention which has lately been 
paid to this ſubje@, I flatter myſelf, will be found to deſerve 
place among the 'TranſaQions of the Land: over which you 
„ 

Mr. Walxxx, in 1 firſt e d, as BogR- 
HAAVE had done before him, that ſal. ammoniac, as well 
as nitre, well dried in a crucible, and reduced to a fine powder, 

will produce a greater degree of cold than if they had not re- 
ceived this treatment. But BoxRRHAAvx, by ſal ammoniac, 
lowered the temperature of water only by 28; whereas Mr. 
WALKER obſerved his thermometer to fall 32%, and when he 
uſed nitre 19% It occurred to him, that the combination of 
theſe ſubſtances would produce a greater effe& than either ſepa- 
rately : and he fovnd that this was really the caſe. A pro- i tit 
poſal for freezing water in ſummer, mentioned by Dr. War- 
soN (Eſſays, III. 139. 0 determined him to attempt the ſame WM 6 
thing 


hg is this" way. " Accordingly/ Apia 255 A th ther- 
morneter ſtabding at 47 be made a ſolution of a powder, 
confiſting of equal parts of ſal ammoniae and x nitre, in a baſdn, 
by means of which he cooled ſome water, contained in 4 


taining boiled, the other unboiled water; when he ſoon found 
the water in hows FROG to de boten. the Unboiled freezing 
_ | 

Having obſerved that Or Aopen IJ alk, when it retains its 
water of cryſtallization, produces cold during i its ſolution, he 
thought of adding this to his other powers, and July 18, 
1786, reduced the thermometer 46 degrees. In this expetitrient 
the following proportions were uſed: the temperature of the 
ar being 65* , to water four ounces, at 63*, were added, 


Of fal ammoniac 3 *¹ Xi thermometer ſunk to 325 that i is, 31 


Of nitre 3 3 . oe OY 
Of GLavsss' 8 ales 3 5 . % * , that ite 75 


In this way he ' froze water on A thy ſo hot . Y ther- 
mometer in the ſhade ſtood at 70% By firſt cooling the ſalts 


cooled materials, he ſunk the thermometer 64 degrees. I 


and an half of water, and immerſed in the ſame frigorific 
mixture. When cooled to 24, it began to freeze. A quan- 
ity of the neutral ſalts, likewiſe cooled in the mixture, were 
put into the diluted ſpirit, when the thermometer fell to 4's 2 
fo that the ** was cooled 69 degrees. 
"Nha 
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glafs tumbler, to 22. To this he added ſome of the fame 
powder, and immerſed two very fmall phials i in it; one con- 


245 that! is, g. 


— | 


465 


and water in one mixture, and then making another of theſe 


Auguft 28. The temperature of the alr being 6s", half an 
ounce of rectified ſpirit of wine was diluted with three ounces 
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Spirig of nitre, dilnted in the manner .deferitied 11 * 
_ Cavnypin, (Phil, Tranſ. vol. LXXVI. part: I). having n 
duced | the thermometer to GLAS Ws me. was 4 
upon which it fell to 155. ä 

Nitrated volatile alkali, during i its ade & in witers wat 
the thermometer 35 degrees (from z9* to 1503 * the cold 
vras not increaſed by ſal. ammoniac or nitre. - || | 
Mr. Wax s moſt remarkable experiment was n on 
Ne 21ſt of March, 1787, when he found that nitrous acid, 
. when poured. upon GLAUBER'S falt, produced effects nearly 
the ſame as when it is poured on pouuded ice; and that the 
cold, thus produced, is rendered ſtill more intenſe by the 1 
tion of ſal ammoniac in powder. - 

Mr. Wakxknx, by many trials, Aled that the be 
proportion of. theſe ingredients is the following: of concen- 
trated nitrous acid, 2 parts by weight, of water 1 part; of 
this mixture cooled to the temperature of the atmoſphere 
eighteen ounces, of GLAUBER's falt a pound and an half (avoir- 
dupois), and of ſal ammoniac twelve ounces. On adding the 
_ Gravnsr' s ſalt to the nitrous acid, thus diluted, the thermo- 
meter fell from +51* to — 1®, or 52 degrees; and on adding 
the fal ammoniac it fell to - g*, that is full 60 degrees. Ni. 
trated volatile alkali, em ployed inſtead of ſal ammoniac, pro- 
duced a cold rather more intenſe, 
_ . yp means of this mixture, in a very few minutes, in the elabo- 
ratory before the claſs, I froze ſome ſpirits above proof, di- 
luted with an equal bulk of water ; and another gentleman 
this day ſunk the thermometer 68 degrees. 

On April 20, 1787, Mr. Ware effected the congelation 
of quickſilver by a combination of theſe mixtures, without 2 
particle of ſnow or ice. When he began his experiment | the 
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ofthat metal being - 307, there were produced 84 degrees of cold. 
This experiment was performed as follows. Four pans, of 
[0 progreſſively diminiſhing, ſo that one might be placed 
within the other, were procured: The largeſt of theſe pans 


for the ſecond frigorific mixture were thinly ſpread, in order to 
be cooled. The ſecond pan, containing the liquor (ves. vitrio- 
lic acid, properly diluted) was placed in the largeſt pan. The 
third pan, containing the ſalts for the third mixture, was im- 
merſed 1n the liquor of the ſecond pan; and the liquor for 
the third mixture was put into wide-mouthed phials, which 
were immerſed | in the ſecond pan likewiſe, and floated round 


the ſalts of the third pan. 
Of the materials for the mixtures to A made in theſe four 


GLaueR's falt, the third and fourth of diluted nitrous acid, 
GLavst's ſalt and ſal ammoniac, in the proportions affigned. 


reduced the thermometer to + 10, and cooled the liquor i in the 


were placed unde neath 3 in the large veſſel, nearly as much. 
The ſecond mixture was then made with the materials thus 
cooled, and it reduced the thermometer to 3. The ingredients 


u this third mixture to about — 12%. On mixing they made 
he mercury in the thermometer ſink rapidly, and as it 


Vol. LXXVII. Tz appeared 


.. r 2 — point 


was placed i in another veſſel till larger, in which the materials 


the third pan. The fourth pan, which was the ſmalleſt of 
all, containing its cooling materials, was Placed i in the midſt of 


pans, the firſt and ſecond conſiſted. of diluted vitriolic acid and 


The pans being adjuſted in the manner above deſcribed, the 
materials of the firſt and largeſt pan were mixed: this mixture 


ſecond pan to+20; and the ſalts for the ſecond mixture, which 


of the third mixture, by immerſion in this, were cooled to 
rio, and when mixed reduced the thermometer to — 155 
The materials for the fourth mixture were cooled by immerſion | 
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| irs to ; Mr. Wan, below == $0*.- - Its 2 2 
be divided below that point; but the froth occafioned-by the 
tbullition of the materials prevented his 2 ſo acotit 
an obſervation as he could have wiſhed. 
The reaſon why this laſt mixture m! the ata 
more than the third, though both were of the ſame matenak, 
and the laſt at a lower temperature, Mr. WAExRN nnagines 
to have been partly becauſe the fourth pan had tot another 


immerſed in it to give it heat, and partly 1 the mate - 
rials were reduced to a finer powder, : 
1 ſhould 1 imagine, that mercury rluced to its freezing point 
will freeze more quickly than water reduced to its freezing 
point, becauſe it appears, from experiments on their capacity 
for heat, that the latter of theſe bodies has ſo much more 
latent heat in its liquid ſtate ; which greater quantity of latent 
heat muſt, as it becomes ſenſible, more retard the congelation. 
I forbear to enumerate many variations of theſe experiments 
which Mr. Walk ER has among his notes; but there is one 
mixture which, though its power is not equal to that which [ 
have laſt deſcribed, may prove very ſerviceable in experiments 
of this nature, on account of its cheapneſs. It conſiſts of oil of 
vitriol diluted with an equal weight of water: added to GL Ab- 
BER'S alt, it produces about 46 degrees of cold. The addition 


of {al ammoniac renders it more intenſe by a few degrees. One 


remarkable circumſtance occurred to Mr. WALxER, as he was 
endeavouring to aſcertain the beſt ſtrength of the vitriolic acid: 
he happened to be trying a mixture of two parts of oil of 
vitriol and one of water, when he obſerved, that, at the tem- 
perature of 35, the mixture coagulated as if frozen, and the 
thermometer became ſtationary ; but, on adding more GLAV 
BER's ſalt, it fell again, after ſome little time, but ſo great ? 
5 on os cold 
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ſy ed to ſome of theſe mixtures heightened their effects. But 


ſtals; it muſt therefore, as in other caſes, abſorb a determi- 
On this depends the difference between GL AuRER's ſalt and 


teſcence. The ſame circumſtance too enables us to underſtand 


Mr. WalLxkR has opened to them, would do well to try com- 


"on the d. 37 eit . 


| ur was not produced as when this ciroumſtance di d not 3 * 
when the acid was weaker, The ſame appearanc 4" 


congelation took place with other PIR of acid and 
water, at other temperatures. 8 
Mineral alkali, when it retained its water of nn 


when it had loſt this water, it rather produced heat than cold; 
and the ſame thing is alſo true of GL AuBER's ſalt. This cir- 


cumſtance leads us, in ſome meaſure, to the theory of theſe 


phenomena. Water undoubtedly exiſts in a ſolid ſtate in cry- 


nate quantity of fire, before it can return to its liquid ſtate. 


foil alkali in their different Rates of cryſtallization and efflo- 


the great effect of GLAUBER“'s ſalt, which, as far as I recol- 
lect, has the greateſt quantity of water of cryſtallization, 
Thoſe, therefore, who ſhall chooſe to purſue the path which 


binations of ſalts containing much water of cryſtallization t 
but they muſt take care leſt the effe ſhould be diminiſhed or 
deſtroyed by the formation of compounds that fix a ſmaller 


| quantity of fire. It is, however, but juſtice to Mr. WALKER 


to obſerve, that he has carried his experiments in this * 
very far, and with great in genuity. 


I have the honour to be, &c. 
THOMAS BEDDOES. 
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xxvn. An Ken my a 132 of Eiearidig, or a Mackin 
by which the leaſt conceivable Quantity of poſitive or negating 
Electricity may be continually « doubled, till it becomes perceptible 
' by common Eleftrometers, or vi ible in Sparks. By the Rey, 
Abraham Bennet, M. A.; communicated oy zhe Rev. Richard 
* LL. D. F. R. . 


Read May 10, 1787. 


HE great importance of a machine for the purpoſe of 
detecting very minute quantities of electricity has oc- 
8 to many of the cultivators of this ſcience; as by ſuch 
an aſſiſtant not only many chemical combinations or ſolutions, 
but alſo many yet unexplained atmoſpherical ene may 
become iutelligible. Y 

The labours of M. Vol rA have b very fancelaful on. this 
ſubje& by the application of his condenſer (as he terms it), 
which, by means of a thin - coated electric, is capable of re- 
ceiving a greater quantity of the electrical fluid than a com- 
mon inſulated conductor, and rendering it perceptible by ſepa- 

rating the poſitive and negative ſides of the charged plate. On 
this ingenious contrivance Mr. CAvALTO made a very confi- 
derable improvement by. transferrin g the received quantity of 
electricity from a larger to a Ajaler condenſer, as . in 
the Phil. Tranſ. Vol. LXXII. A 
Notwithſtanding the very great ſenſibility of this apparatus, 
the electricity of the atmoſphere is ſometimes too weak to be 
diſcoverable by it : for inſtance, in ſome ſhowers, when the 
negative ſtate of the falling rain is nearly equal to the poſi 
tive ſtate of the air. Add to this the trouble of keeping an 
inſulated and elevated conductor ſufficiently dry, and the dau- 
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er of * m 2 See 1 es . the 1 
owing doubler for the purpoſe of more eafily making an 
deftrico-meteorological diary, which I undertook” at the requeſt” 
of my friend Dr. Darwin, who hoped, that from thence ſome 
ights might be be thrown on the cauſes of the ſudden changes of 
| zzrial currents, a circumſtance of ſo much | importance to the 
early growth and maturity of vegetation. 

I place upon my electrometer, deſcribed in a former Part 
of the Philoſbphical Tranſactions, a circular braſs plate, three 
or four inches in diameter, poliſhed and thinly varniſhed on 
the upper ſurface. On this 1. -place another braſs plate, of 
equal diameter, poliſhed and varnifhed on both ſides, with an 
inſulating handle attached to one edge of it. A third plate is 
alſo provided, of equal diameter, poliſhed and varniſhed on the 
under fide, and with a perpendicular inſulating handle from the 
center of the upper fide, ſimilar to thoſe mentioned in the 
Appendix to my laſt Paper. 


and continually doubling it as much as required, is as follows. 
If the weather be dry, I carry into the open air a lighted torch, 

not liable to be eaſily blown out, or a ſmall lantern with a 
lighted candle in it, to the bottom of which is fixed, by means 
of a ſocket, an inſulating handle of glaſs covered with ſealing- 
wax; in the other hand is carried a coated phial: then, ele- 
rating the flame a little higher than my head, I apply to it 
the knob of the phial, holding 1 it in this fi tuation about half a 
minute. Then returning into the houſe (where the above 


deſcribed doubler is kept dry, by being placed on a table not 
far from the fire), I apply the knob of the phial to the under 
fide of the firſt plate, which lies immediately upon the electro- 
meter, and at the ſame time touching the ſecond plate with a 
finger of the other hand. Then laying aſide the phial, I lift * 

. the 
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The method of collecting electricity from the atmoſphere, 
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the ſecond lite IS its : ialirig N 2 if the Gedi 
be not now ſenſible by the electrometer, I place the thitd plats, 
by means: of i its inſulating handle, upon the ſecond plate, thus 
elevated: then touching the third:plate, by ſtretching a finger 
over the juncture of its inſulating handle, and again with. 
drawing the finger, I then again ſeparate the third plate from 
the ſecond. In this ſituation it will be apparent to electricians 
that two of the plates are of one kind of electricity, and 
nearly of equal quantity, and one only of the other. I then 
apply the third plate to touch the under ſurface of the firſt 
| plate which remains on the ele@rometer, and at the ſame time 
covering the firſt plate with the ſecond, I then touch the ſecond 
plate by ſtretching a finger over the juncture of its inſulating 
handle; and firſt taking away the- third plate, and then with- 
drawing my finger from the ſecond, and lifting it up from the 
firſt plate, «the electricity becomes doubled. If by this firſt 
operation the quantity of electricity does not become ſen- 
ible by the electrometer, I repeat the proceſs to ten or 
twenty times, which, by doubling 1 1t every time, makes viſible 
che ſmalleſt conceivable quantity of electricity, ſince, at the 
-twentieth operation, it is augmented to above 500,000 times, 
And though in deſcription. the above proceſs of doubling to 
twenty times may appear tedious, yet when the operator can 
perform it with ſufficient readineſs (which is ſoon acquired) 
| it takes leſs time than 40 ſeconds.  Thecolleftion of 2 | 
| from the air, and the touching and poſition of the plates, are 
repreſented in Tab. XI. figures 1. 2. 3. 4. 5- and ß. 
If it be required to produce ſparks, the plates are to be 
placed upon an inſulating ſtand, without an electrometer, and 
the proceſs repeated as above till the ſparks appear. 
The experiment which proves that the clefiricity. is doubled 
0 by each operation is this. If the two {lips of pendulous hy | 
3 gol 
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by the above proceſs, that diſtange will be nearly doubled by 
heating the operation. Another proof of this duplicate 
cumulation i is, that; when the third plate 1 is applicd to the 
feſt, the divergeney of the leaf gold i is apparently undimi- 
iſhed, though 1 m this ſituation their electricity 18 A over 
double the quantity of ſurface. 
That flame will collect electricity better than points was 
nne in my former Paper, and is very evident if two 
phials of equal capacity are expoſed to the air, the one fur- 
niſhed with. a ſharp point, and the other having its knob applied 
to an inſulated flame, and their electricity afterwards examined 
by the doubler. 

If the weather be rainy, an inſulated umbrella may be carried 
in one hand, and the knob of the phial applied to the upper and 
inſulated part of the handle; and if it rains ſo ſlowly as not 
ſufficiently to communicate electricity to the umbrella, a torch 
s carried under the umbrella, and uſed as deſcribed above. 

It is obvious that ſome caution is neceſſary in managing ex- 
periments of ſo much nicety, ſince, by the leaſt friction of the 
hand on the varniſhed ſides of the plates or inſulating handles, 
or if the metallic ſide of one plate be accidentally rubbed 
againſt the varniſhed fide of the other, ſome degree of electri- 
eity is produced, which, becoming ſenfible by the operation of 
doubling, may render the experiments equivocal 1 

To obviate theſe inconveniencies, I join a conducting handle, 
by means of an inſulating nut, to each of the plates. This 
handle conſiſts of turned unbaked mahogany, about three 
inches long, into one end of which is inſerted a nut of baked: 
wood, about half an inch long, covered with ſealing-wax, 
upon the other end of which nut the braſs ſocket of the plate 
is fixed; by this means it is not neceflary to touch the ſealing- 
War 
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ware the inſulating yy ber ocraficeially'1s ſtretch « Gng 
I} over it to touch the plats,, . the Nee b 
in the ſame hand. 
Having found, by repeated Aenne 4 two * me. 
\.  talllic plates, or two equally varniſhed plates, rubbed together, 
produced no electricity, I varniſhed the ſecond plate on both 
fides, but more thinly than when one fide only was varniſhed, 
and in ſome experiments uſed thimbles on the ends of the 
. - touching fingers. Inthis way the inconveniencies of accidental 
friction were in ſome meaſure obviated, but much lefs than 
-firſt expected: for, notwithſtanding the utmoſt care, electricity 
is produced without previous communication: therefore, in Ex» 
periments requirin g the electricity to be often doubled, its com- 
munication may yet be aſcertained by applying it to the firſt 
and ſecond plates alternately ; ſo that poſitive electricity com- 
municated to the firſt plate appears poſitive by the electrometer; 
but the ſame electricity, applied to the ſecond plate whilſt the 
firſt is touched, produces negative in the electrometer. 
I beg leave to add, that this method of doubling ei ther poſitive 
by negative electricity, as well as M. VoLTaA's condenſer, with 
Mr. CavaLiLo's improvement on it, as alſo the ingenious experi- 
ments of Father BEccaRIA with double plates of glaſs, which he 
ſeparated after charging, are all of them to be explained from the | 
dame principles with the Leyden bottle, of which they may 
be all faid to be only different applications. I ſhall not therefore 
trouble the Society with any further theory on this ſubject, but 
Proceed to lay before them the diary which I have hitherto 
kept, and during which time 1 have found no difficulty in col- 
lecting electricity from the atmoſphere poſitive or negative, fo 
as to become ſufficiently ſenſible by the above deſcribed appara- 


tus, though the hygrometer has ſometimes ſhewn the greateſt 
_ of moiſture. | 


5 5 Diary 


Jan, 23. 110 fred up. 
24. 18 


N rong bottle was — 


= er than before i 


| 
1 
Mr. BenNE T's Deſcription of a 1 
Diary of atmoſpberical 
Time of a Weather | Winds 1 b 85 blen. Infiruments te to 
ng Mw - g = 8 b | meter. | meter. | meter, | city, collect. 
1787. 5 5 1 In. 5 28 he: 
* 23. 11 o'clock morning Cloudy | W. moderate | 29.3 44 | OM | Poſitive | Torch and bott 
24. + paſt 10 morning Thin clouds N. moderate | 29 44 42 | oz Poſitive | D 
25. 1T morning Thin clouds E. gentle | 29.51] 37 [og D Poſitive | D? 
25. 12 at night Hard froſt and aurora borealis E. gentle 29.50] 38 | OF D | Pofitive | Do 
26. 11 morning Clear froſt N. gentle | 29.5 38 | 03D | Poſitive * 
26. J paſt 8 at night Beginning to ſnow N. E. bri | 29.5 | , 37 2 D | Poſitive unde 
1 11 morning Cloudy and likely to ſnow N. E. gentle | 29.2 35 Poſitive 1 Torch and bott 
Io morning I Snowing | S.E. ſtrong | 28.8 28 Negative | Umbrella and to: 
28. 40 min. paſt 12 noon I Snowing very little S8. E briſk | 28.5 28 | Poſitive | Torch and bott 
28. 11 at night. | Fair, but over · caſt | | S. gentle | 29.06 Wo 1 Poſitive D* 
2209. 10 morning Small rain and miſt on the bills | 8. briſk 29.06 38 Negative Do 
29. + paſt 10 merning Rain ceaſed D . wood} , Poſitive | D 
29. 3 afternoon. Few drops of rain 8. ſtrong | 29.06 41 | Poſitive | D* 
30. 45 min. paſt 10 morning Fair, but over- caſt S8. ſtrong | 29445 44 Poſitive | D 
30. 11 morning | TE ES. | en Pofitive F De 
31. 10 morning Fair and clear. S. W. gentle | 29 55 44 Poſitive 8 
Feb. 1. 9 morning Ihiek miſt with fine drops of rain] Calm | 29.53] 46 - Poſitive | Umbrella and to 
1. 11 morning Thick miſt S. W. gentle | D* _— Poſitive | Kite 
2. 11 morning | Thi-k miſt S. W. gentle | 29.4 44 Poſitive | Torch and bott 
3. 10 morning Heavy clouds S8. W. briſk 29.2 40 Pofitive | —_ 
3 5 paſt 11 morning Small rain S. W. ſtrong | D D* Negative | Umbrella 
4. 8 morning Clear and froſty 5 29.3 42 Pofitive | Torch and bot. 
2 paſt 10 morning Thick miſt on the hills 8. E. gentle 29.20 38 „„ 1 I 
; 10 morning | Thick miſt and few _ of rain | S. gentle | 29 12 40 | Pofitive | Do 
7. I paſt 10 morning Cloudy | S. W. briſk 28.7 46 Poſitive E « 
5 1 paſt 2 afternoon Small rain S. W. briſk 28.090 47 Negative Umbrella 
8. + paſt nine morning Clear and froſty Calm 29.26] 40 Poſitive | Torch and bot 
9. 12 noon | Cloudy after rain 8. ſtrong | 28.75] 46 T 
9 1 paſt 1 afternoon. | Rain S. ſtrong | 28.65 46 Negative] Umbrella 
10. 9 morning | Rain S. gentle 28.04 44 Negative Umbrella 
11. 12 noon Beginning to rain 8. beſt 28.34 42 Negative] Torch and bott 
12. 12 noon Fair, with heavy clouds [8 . ſtrong 27.8 44 | Poſitive | Do 
12. 4 gol 9 morning Very n rain. thin clouds - N. W. briſk | 28.1 AS Negative D® 
14. and 15. ab | 
16. 10 morn, Small wala S. W. gentle | 28.83| 47 Negative | D 
17. 10 morning. Very few thin Fre N W. gentle 29.42 44 pofitive Do 
18. 1 afternoon, Few white clouds W. briſk 29 42 48 Poſitive Do 
19. 11 morning | Few diſtant clouds N. W. gentle | 29 534 47 Pofitive | Do 
20. 11 morning Over-caſt PN. gentle 29.47 46 Poſitive | D® 
21. 3 afternoon | Heavy clouds N. gentle 29.42 47 Pofitive | D® 
22. 11 morning | Few white clouds N. E gentle | 29-4 40 Poſitive D® 
23+ 4 paſt IO morning | Over-caſt | E. briſk 29+ 38 40 Poſitive D® 
24. 10 morning Clear and froſty \ S.E. gentle | 29.32 42 - Poſitive | _ -.. 
25. J paſt 12 noon Few clouds N. W. ſtrong 29 23 46 | Pofitive Lantern 
26. 4 paſt 10 morning Clear | S. gentle 29.3 45 Poſitive Lantern 
27. mentioned afterwards | | | 
28. 2 paſt 12 fternoon Few white clouds W. ſtrong 29.07 48 0 Poſitive } Lantern and b. 
Mar, 1. 2 afternoon Few drops of rain S. W. ſtrong | 28.68 50 | 34M | Negative Umbrella 
2. 10 morning Small rain. S,W.very frong 28.35 47 | 473 M | Negative Umbrella and tc 
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N. B. The thermometer and hygrometer were placed where they were not likely to be altered by accidental | 
fixed up three years and upwards, during which time its index has moved within the ſpace 
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tmoſpherical Electricity. 
- — | — — — — — — ä — — — 
W Number of times doubled, and other obſervations. 
Torch and bottle | Plate once lifted up. 
— Ditto. 
D? Ditto. 5 5 S 
D? Ditto, no fl than before. | 1 91 
D Ditto; . tried, which appeared to collect as well as any. 
Torch and bottle | Plate once lifted up. 
Umbrella and torch | Ditto, 
Torch and bottle | Doubled. | 
D* Plate once lifted up; divergency of the leaf gold very great. 
D Ditto, but weaker. 7 | 
=" | Four times doubled. 
D* Plate once lifted up. 
D* || Ditto. 
A Ditto; the hygrometer was | higher than known during above three years. 
Ditto. 
Umbrella and torch | Three times doubled. 
_— Strong ſparks were produced from a firing 260 yards long, with braſs vire in it, 
Plate once lifted up, very ſtrong, 


Torch and bottle. 1 


_____ Umbrella 

Torch and bottle 

5 
Umbrella 

3 Umbrella 

Torch and bottle 

N Dꝰ 

D® 


1 
Dꝰ 
D? 
Do 
Þ* 
Dꝰ 
Do 

Dꝰ 

3 

Lantern 


Lantern and bottle 
Umbrella 


Ditto, alſo very ſtron 


Twice doubled; a few minutes after the torch was tried, „ fronger roba mas produced. $ 


Plate once lifted up. 


Ditto, ſtrong. 


So ſtrong as twice to firike the ſides of the elecrometer, and ſenſible e the plates 


I Ditto; 


Plate once lifted up. 


Ditto. 


Ditto. 
| Ditto, 


Ditto, 


Ditto, 
Ditto. 


Ditto. 5 5 5 5 

10 minutes after the rain ceaſed the electrometer was weakly negative, and g minutes after that firongly poſitive. 
Ditto. 
Ditto, 


Ditto, 


Ditto, 
Ditto. 
Ditto. | g . 


Ditto. 


Ditto. 


Ditto. 
] Juſt ſenſible to the electrometer, without the doubler. 
Lantern More ſenſible, the lantern being elevated fifteen feet high. 


Four times doubled. 
Often doubled; a few minutes after rain ceaſed, and the — became poſitive. 


| Umbrella and torch | 


Plate once lifted up. 


— — 


y accidental heat. The hygrometer conſiſted ＋ fifteen feet of whipcord, ſuſpended bocizcatally it has boon 
ain the ſpace of 14 inches, which is therefore divided into inches and eighths, moiſt and dry. 
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need no doubling, and moſtly required only one application of 
the ſecond plate, yet I frequently found it neceſſary to repeat 
the proceſs from two or three to twenty times. Perhaps the 
exact comparative quantity of electricity reſiding in the atmo- 
ſphere might be meaſured by the number of operations re- 
quired to render it perceptible by the electrometer, all other 
circumſtances being cautiouſly attended to. 

If the electricity of the atmoſphere ſhould happen t to be 


ſtruments may be much increaſed ; as, firſt, by uſing a larger 


the electricity with a very thin glaſs ball, filvered within, and 


coated on the outſide in the common way, or gilt; fourthly, 


by grinding and poliſhing the plates of the doubler very 
exatly ; fifthly, by making the experiments in an advantageous 
fituation. In all theſe particulars my apparatus was defective, 


yet am ply ſufficient for the diſcovery of the 2 = 


electricity. 

After conſidering the ſucceſsful fel of frame, in collecting 
atmoſpherical electricity, I placed an inſulated lantern upon a 
pole about fifteen feet high, and ſuſpending a gold thread from 


the lantern connected it with the electrometer,, and was agree- 


ably amuſed with ſeeing the pendulous 8010 leaf open and ſnut 


with every paſſing cloud. 

On the 27th of February, 1787, when there was a conſi- 
derable miſt hilft the lantern was thus elevated, the leaf 
gold frequently ſtruck the ſides of the electrometer; and, in 
Vol. LXXVII. L xz about 


& atmoſſ pherical electricity Was ſometimes ſo ſtron g as to . 


much weaker than 1 have yet found it, there remains not only IP 
the reſource of doubling oftener, but the capacity of the in- 


flame; ſecondly, by elevating it higher; thirdly, by collecting ; 
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In a Letter from William _ Efq. to Gilbert Blane, M. D. 
F. R. 8. 


7 Read May 17, 1987. 


A attendance upon the Vizier, gave me an opportunity 
of ſatisfying, in ſome degree, my curioſity on the ſubject you 


are ſo deſirous of being informed of, the production and manu- 


facture of Borax. The place which his Excellency viſited is 
called Betowle, and is a ſmall. principality i in the firſt of the 
northern mountains, where they riſe. from the plains of Hin- 
doſtan, and is diſtant: from Lucknow about 200 miles N. E. 
The town is a principal mart, where the commodities of the 


mountains are exchanged for thoſe of the plain. The Raja, 


or Prince of the country, holds his poſſeſſions in the hills as 


fealty, and pays tribute to the Vizier. He therefore embraced 


| this opportunity of paying homage in perſon to his Lord. 
During his ſtay at court, I had an opportunity of making the 


enquiries I wiſhed from his people, and particularly from his 


Dewan or Miniſter, who had with him ſome of the inhabitants 


of the place where the borax is made. 
This ſaline ſubſtance, called in the language of this country 
Swagah, 18 brought into Hindeſtan from the mountains of 
Tibbet. The place where 1 it is produced is in the kingdom of 


| X X 2 Jumlate, | 


VII. Some Particulars relative to the Prodaction of Borax. 


Y journey to the northern mountains in January laſt, in 


an independent ſovereign; but for thoſe on the plain he owes 


ſnow ſhall have fallen upon it and diffolved three or four 
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Mr. Braugh 8 Aftount m 


5 Juralate, diftant from Betowle about thirty days j journey north, 
Jumlate is the largeſt of the kingdoms in that part of the 
- Tibbet mountains, and is conſidered as holding a gy 


over all the reſt. 
The place where the borax is produced is deſeribed to be i in a 


ſmall valley, ſurrounded with ſnowy mountains, in which is a 
lake, about fix miles in circumference, the water of which is 


conſtantly hot, ſo much ſo that the hand cannot be held in it for 


any time. The ground round the banks of the lake 1s per- 
fectly barren, not producing even a blade of graſs ; and the earth 

s full of a ſaline matter in ſuch plenty that, after falls of rain or 
ſnow, it concretes in white flakes upon the ſurface, like the natron 
in Hindoſtan. Upon the banks of this lake, in the winter ſea- 


ſon, when the falls of ſnow begin, the earth i is formed into 


ſmall reſervoirs, by. raiſing it into banks about fix inches high ; 
| when theſe are filled with ſnow, the hot water from the lake 
is thrown upon it, which, together with the water from the 
melted ſnow, remains in the reſervoir, to be partly abſorbed 


by the earth, and partly evaporated by the ſun ; after which, 
there remains at the bottom a cake, of ſometimes half an inch 


thick, of crude borax, which is taken up and reſerved for uſe. 
It can only be made in the winter ſeaſon, becauſe the falls of uit f 


ſnow are indiſ penſably requiſite, and alſo becauſe the ſaline 
appearances upon the earth are ſtrongeſt at that ſeaſon. When Il that 
once it has been made upon any ſpot, 1 in the manner above de- ln tl 
ſcribed, it cannot be made again upon the ſame place, till the I moun 


times ; after which the ſaline effloreſcence —— and it is 


again fit for the operation. Ih 
The borax, in the ſtate chore deſcribed, is . from jectur 
hill to hill upon goats, and paſſes through many different hands thoſe 


before 


before it reaches the plains, which increaſes the difficulty of ob- 
taining authentic information regarding theoriginal manufacture. 
| When brought down from the hills, it is refined from the earth 
ind groſs impurities by boiling and cryſtalliſation. I could obtain 


the Produftion of Borax. A 299 


no anſwers to any queſtions regarding the quality of the water, 
ind the mineral productions of the ſoil. All they could ſay of 
the former was, that it was very hot, very foul, and as it were 
greaſy; that it boils up in many places, and has a very offenſive 
ſmell : and the latter remarkable only for the ſaline appearances 


above deſcribed. That country, however, 1 in general, produces 


conſiderable quantities of iron, copper, and ſulphur. After being 
purified it ſells in the market here for about 1 5 rupees per maund; 


and I am affured, by many of the natives, that all the borax 


in India comes only from the place above mentioned. 


I am afraid you will think this at beſt but a very unſatisfactory ; 
and unphiloſophical account of the matter ; but what can be 
done, where the only mode of information is through ſome of 


the wild and unſettled mountaineers ? for the place is inacceſ- 
ible even to the inhabitants of Hindoſtan, and has never been 
viſited by any of them, except a few wandering Faquires, who 
have been ſometimes led that way, either to do penance, or to 


viſit ſome of the temples in the mountains. The cold in win- 
ter is deſcribed to be ſo intenſe that every thing 1s frozen up, and 


that life can only be preſerved by loads of blankets and ſkins. 
In the ſummer again, the reflection from the ſides of the 


mountains, which are ſteep and cloſe to each other (there 


being little or no plain ground betwixt them), renders the 
beats inſufferable. 


I have not loaded this account with any reflections or con- 


{tures of my own. I have ſimply given you the narrative ot 
thoſe from whom I had my information ; and having put into 
your 


* 


8 po 


had occaſion to ſee large quantities of it brought down, and 


to market; ſecondly, I have never heard of its being either 
produced or brought into this country from any other quarter; 


ſome books mention, I think there can be little doubt, but 
that the whole proceſs would have been rally enquired 1 into, and 
5 given to the public lon; g before this time. 
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en al the date J have been-able to collect vpon the 


ſubject, you may make what uſe of them you pleaſe: 
I ſhall conclude with a few obſervations regardin g the cre. 


dibility of the relation: and, firſt, that it is really brought 
from the Tibbet mountains is certain, as I have myſelf often 


have purchaſed from the Tartar mountaineers, who brought it 


and, thirdly, if it was made on the Coromandel coaſt, as 


, Augul 28. * 
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XIX. 4 Letter from the Father Prefect of the Miſion in Thi- 
bet, F. Joſeph da Rovato, containing ſome Obſervations rela- 
tive to Borax. Communicated by Sir Joſeph Banks, Bart. 
P. R. . | 


___ May 17s 1 yo 7. / 


Al illuſtriſſimi Signori Membri dell Ane Reale delle 
= Scienze ed Arti di Londra. 


L "AY prefetto della Miffone del Tibet ha il piacere di 
manifeſtare alle SS. VV. illuſtriſſime, come eſſendo in Patna 
ſtato ricercato più volte dal Sig. Vod LES, Alemano, bravo 
naturaliſta, di prendere notizia dei luoghi, e del come fi faceva 
1 Borace, che fi ha dal regno del gran Tibet; giacche come 
egli diceva neſſun alto poteva avere comunicazione da quelle 
parti quaſi impenetrabili ; quantunque la noſtra miſſione abbia 
abbandonato da molti anni detto regno, nonoſtante avendo ami- 
cizia con il Bahadur Sab, fratello del re di Nepal (il regno del 
quale i eſtende a tramontana fino a Kutti, frontiera del Tibet) 
l ſcriſſe, e lo pregò a prendere la notizia dei luoghi, e del come 
i faceva il borace, ed a comunicargliela. 11 Bahadur Sah avuta 
queſta iſtanza, per meglio favorire il Padre prefetto, avendo al 


ſuo ſervizio un uomo dello ſteſſo paeſe dove ſi forma il borace, 
2 {1 
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1 4555 4 TT fino a Patna, per intendere dallo fie 
uomo tutto cid che deſiderava intorno al borace. 
Queſto uomo, parte in lingua Nepaleſe, parte in lingua lu 
goſſans, ambedue inteſe dal Padre prefetto, fi ſpiegò come ſegue. 
Nella provincia, oſſia territorio di Marmè, diſtante 28 giornate 
di camino a tramontana del Nepal, e 25 dette al ponente di 
Laſſa capitale del Tibet, vi & una valle larga 8 miglia in circa, 
In un diſtretto di queſta valle vi ſono due terre, o Caſtelli, uno 
chiamato Scierugh, e Talto Kangle; e li uomini di queſti due 
looghi s' impiegano a cavare il borace, e lo vendono nel Tibet, 
e nel Nepal, non avendo altro mezzo per vivere, ſtante che in 
detta valle il terreno è ſterile, e non produce che alcuni giunchi. 
Vicino ai ſudetti due Caſtelli vi è una Vaſca di acqua, che non 
è molto grande, e varie altre pi piccole (dove il terreno è con- 
cavo) nelle quali reſta Vacqua quando piove. In queſte Vaſche 
dunque, dopo qualche tempo che vi & reſtata acqua, ſi forma 
da per fe il borace; e li uomini entrando nell aqua, dove ſen- 
tono con Ii piedi come un laſtrico, 1 ivi il borace & formato, e lo 
cavano; con queſta diſtinzione, che dove è poca acqua, il borace 
& pid ſottile, e lo ſentono ſubito; e dove acqua è molto lo tro- 
vano pit groſſo, ed a queſto vi reſta ſopra un dito, o due, di 
fango molle, che ſarà una depoſizione della ſteſſa dopo ch' è ſtata 
intorbidata dalla pioggia, o dal vento. Coſi fi trova il borace 
prodotto dalla natura ſenza uſo alcuno nè di bollitura, ne di 
lambicco; e Vacqua nella quale fi produce il borace & coſi cat- 
tiva, che ſe alcuno ne beve un poco, li gonfia il ventre e lo fa 
morire. La terra, in cui fi produce il borace, è di colore bian- 
chiccio; e 4 miglia in diſtanza dove fi produce il borace, ne 
ſteſſa valle vi ſono le miniere del ſale, che ſi cava in grande 


abbondanza per uſo di tutti quei popoli dentro le monti, che 
ſono 
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none che fanno; e nella valle di Marme pagano un Lama chia- 
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el terreno; ma ſe li ftraniert vogliono cavare il borace è neceſ- 
firio che paghino un tanto al Capo del luogo ſecondo la conven - 


mato Pema tuplan, a cui appartepgono le miniere del borace. 
Altre 10 \giornate di camino più a tramontana della valle di 


Marme vie un altra valle chiamata Tapre, nella quale pure fi 


cava il borace. Vi è ancora un altro luogo, in cui fi cava il 


borace, chiamato C jagd, ma di queſto ultimo non ho marcata 
la fituazione. 
chiama Soagd ; ma ſe non & purificato ſvaniſce facilmente ; 


per conſervarlo qualche tempo finche lo vendono, 10 miſchiano 


con la terra unta di buttiro. | 


Nel territorio pure di Mungdan 16 giornate pid a tramon- 


tana del Nepal vi ſono abbondanti miniere dell arſenico; ed in 
molti altri luoghi le miniere del {otfo, came pure le miniere 
dell oro, e dell argento, che ſi cava ch puro di quello che 
{i cava dalle miniere del Peg, 


Sah, fratello del re di Nepal. E ſe gli Signori dell' Accademia 
Reale deſiderano di videre un poco di quella terra, nella quale ſi 
produce il borace, ora che tutto il paeſe di Nepal è governato dallo 


ſteſſo Bahadur Sah; il Padre prefetto, che lo ha praticato per a 


cuni anni dentro lo ſteſſo Nepal, e due volte ancora a Patna (ove 
era venuto) ſpera che non gli negara il favore di mandare qualche 
ſuo fidato uomo a prendere di detta terra, e inviargliela a Patna 


dal qual luogo potrà il Padre prefetto, mediante qualche Sig. 


Ingleſe ſuo amico, fargliela con tutta facilità pervenire a Londra. 
Queſto è quanto il Padre prefetto prende la liberta di ſcrivere 
alli illuſtriſſimi Signori dell' Accademia, alli pure fi offeriſce di 
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So colt Wntani dal mare. Li hativi non te 
4-borace, non avendo altro mezzo per vivere a cauſa della ſterilit th. 


Il borace in lingua Indoſtana e Nepaleſe y 


Queſto e quanto fi & ricavato dal pamo andeto dal Bahadur 7” 
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| Fatherwks Roy r s Account; „ 
cuore con Ii altri ſuoi Religioſi —— ikaes, 8 
potra ſervirli per qualche altra notizia di queſto genere, pt 
moſtrare la ſua gratitudine alla nazione Ingleſe, dalla quale ha 
ricevuti, e riceve tanti benefizi 3 ; ed ha Fonore di raffermarſ 
con tutto il riſpetto, &c. . 5 


F. GIUSEPPE DA ROVATO. 
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Patna, li 10.'7bre, 
| 17 36. . 


* — 42 . * 2 2 — = 
2 * * F 2» k 1 a 8 9 P 
- N 3 p I. © A e 
— w * 
* 
L » 
o 
- 


8 * * 9 * 

oy — 8 | * N 15 

* 2 — wy | - 4 * , ' "= 

% ” . 7 * 1 "14 1 * * d 1 51 Fi * — x doe ja 
6 7 1 1 
3H * 109 Fee ts 541353 St Ft 3. HIST —_— 27 1 9 e + 

| Ls | 4 8 q n *. : ; 1 | — "I 3 and 7 * 7 * \ 4 ih, 8 7 . g. 8 
b hy HSORCONSUS 735 n £51928 1 559 Wan HOW Ti n 11 1 P 


K er let Gas Arete; for. Abet be, 
| Communicated Le Sir Joſeph * N P. R. S. 
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de 17 7767. 


EN I 78 5, apres avoir fait 8 experiences far les foies 
de ſoufre, je reſolus de chercher quel étoit la nature de Pair 
inflammable hepatique que Ion en faiſait degager en les decom- 
poſant par Pacide-nitreux. Le ſoufre que Von voit fe precipiter 
apres chaque combuſtion de gas inflammable hepatique me por- 


tait à croire que cette ſubſtance pouvait bien Etre une de ſes itt 
parties conſtituantes, mais elle ne m'en apprenait pas davantage, 5 ul 
et c'etoit dans ce tems a-peu-pres la ſeule experience que analyſe : 1 
pouvait me fournir. Je rẽſolus donc d' employer la ſynthèſe, et | 
ce qui me conduiſit à cette reſolution fut la citation d'une expẽ- 1 
rience que M. Monks avait fait a Meziers; il avait fait paſſer 1 
de Lair fixe à travers du ſoufre en fuſion, et il avait eu pour re- Wl 
| ſultat de Vair fixe avec une odeur ſulfureuſe, et qui tenait reelle- ft 


ment du ſoufre en diſſolution. Je me determinai donc A re- 
peter ſon experience, et a tenter celle que je vais citer. 

Jo fis d'abord paſſer de l'air fixe à travers du ſoufre en fuſion, 
at j eus pour reſultat un air fixe ſulfureux qui faiſait precipiter 
la chaux vive de fa diſſolution dans l'eau diſtillee, en s'uniſſant a 
cette baſe, formant par cet union, de la terre calcaire, et laiſ- 
{ant degager le ſoufre qui ſurnageait le liquide, ou ſe Erker 
au fond. Je fis la meme experience avec le gas nitreux,et j eus pour 
rẽſultat 
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let un gas nitreux ſulfureux, qui ſe combinait encore wy 
Fair vital pour former de Vacide nitreux, et — le fou- 
2 dans cette combinaiſon. 
4 mofite atmoſpherique ma ptoduit, aptès fon 1 bange & 
A mofite fulfareuſe avec oder de ſoufre, qu'elle Haiffaic pre- 
cipiter apres avoir ſ{cjourne quelque tems ſur l'eau. 
Lair vital a produit dans une ſemblable experience un air vital 
ſulfureux, mElange d'acide ſulfureux volatil, que eau abſorbait: 
le gas nitreux, en s' unĩſſant avec rutilance A Fair vital ſulfureux, 
en faiſait degager le ſoufre, de mEme que fa dctonnation avec le 
yas inflammable. 0 
Lair atmoſphErique ma Avrind un rofultar a bee "TY 
blable A Pair vital, ſeulement, ainſi qu'il eſt aife de le dẽduire des 
experiences precedentes, Tair que Jobtins'Etait un mélange d'air 
vital et de mofeète ſulfureuſe. Le gas nitreux par ſon union 
avec Pair vital et le gas inflammable dans ſa detonnation faiſait 
r le ſoufre de ſon melange. 
: ING le gas inflammable, paſſe à travers 40 Wade en fuſion, 
m'a donné un gas inflammable ſulfureux, tout · à- fait ſemblable 
au gas hepatique que Fon obtient en verſant de Vacide nitreux 
ar du foie de ſoufre: d'où il paroit ſuivre que ee gas ttflamma- 
ble que Von retire des foies de ſoufre en y verſant de Pacide 
nitreux, et auquel on a donn&le nom de gas heEpatique, -n'eſt 
autre choſe qu'un gas inflammable folfureux, que Pon peut for- 
mer ſynthetiquement, ainfi que toutes les autres eſpèces de gas 
ſulphureux. 


| Royal Academy of Sciences at Stockholm; communicated by Sir 
+ aaa Banks, Bart. P. R. &. 
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HOUGH GAncrAs AB Honro, Gzne, and SyLv1vs,. 
1 were acquainted with the real tree from which Benjamin 
or Benzoin i is collected, their deſcriptions of it are ſo imperfect 
ind inſufficient for its botanical determination, that ſucceeding 
botaniſts have fallen into many errors concerning it; and it is 


the Eaſt-Indies, moſt of the later writers on. the Materia 


fuppoſition, they have given the trivial name of Benzoin. 
This miſtake ſeems to have originated with Mr. Rav, who in. 


* fuiſſe e Virginia a D. BANISTER, ad illuſtriſſimum Præ- 


culta eſt.— Arbor iſta Virginiana Citrii, vel Limonii foliis. 
BgBenzoinum fundens, in horto reverendiſſimi Epiſcopi culta.”' 
This error was detected by LinNzvus, but another. was: 
ſubſtituted by him in its place; for in his Mantiſſa Plantarum 
Altera, 


= 


4 "BY _ —— M. 4. Libr. R. S. and Member of the 5 ; 


renjarkable, that although this drug was always imported from. 


Medica have conceived it to be collected from a ſpecies of 
Laurus, native of Virginia, to which, from this erroneous 


his Hiſtoria Plantarum, Vol. II. p. 1845. at the end of his: 

account of the Arbor Benivifera of 'Garc1as, ſays: Ad nos. 
« ſcripfit D. TancrEDVUs RoBinsoN Arborem reſiniferam odo- 
« ratam follis citrinis prædictæ haud abſimilem tranſmiſſam 


„ſulem D. HEN R. Cour rox, in cujus inſtructiſſimo horto- 


LE 


„ ö V CI * 
* 


5 Altera, he tells: us, that Benjamin is furniſhed by a fb 1 
:oribed there under the name of Croton Benzoe, and after. \ 
wards in the Supplementum Plantarum, deſcribes | again the 

fame plant, under the name of Terminalia Benzoiu. M. 

Jacevin, who had been informed that this ſhrub was called 

by the French Bienjoint, ſuppoſes, with reaſon, that the ſimilar 

ſound of that word with Benjoin, the-French name for Benja- 
min, may have occaſioned this miſtake *. 

Since that period Dr. Hourrurx has deſcribed the Benja- 

min Tree of Sumatra; but for want of good ſpecimens has 

been ſo unfortunate as to miſtake the genus to which it belongs. 

It is hoped, therefore, that the following deſcription and annexed 

figure (ſee Tab. XII.) may not be unworthy a place in the Phi- 

loſophical Tranſactions; they are made from dried ſpecimens 
procured from Sumatra by Mr. MagxsDen, F. R. S. at the 
requeſt of Sir Joszen Baxxs,: Bart. P. R. S. and clearly prove 
that this tree agrees in the Parts of fructification with the 
Styrax of LIxx Rus. 


! o 
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STYRAX Benzin, foliis ada acuminatis ſubtus tomen- 
tdoſis, racemis compoſitis longitudine foliorum. 
Benjui. Garcias ab Horto in Clufit Exoticis, p. 155. 
Arbor Benzoini. Grim in Epbemer. Acad. Nat. Curiof. Dee. 
2. Ann. I. pag. 370. hg. gt. Sylvius i in Valentini H: Hane 
Simplicium, pag. 487. 1 5 
Benzuin. Radermacber in Act. Scciet. Batovie, vol. mn Pag. 
44+ 
Benjamin or Benzoin. Marſden's Hift. of Sumatra, pag. 123. 
Laurus Benzoin. Houttuyn in AF, Harlem. vol. XXI. pag: 
205. tab. 7. 

Habitat in Sumatra. h. 


* Hort, Vindob, vol. III. p. 51. 
DESCRIPTIO- 
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- #he Benjamin Tree of Sumatra, 


DESCRIPTIO. 


1; teretes, tomentoſi. 


4 alterna, petiolata, oblonga, integerrima, acuminata, Ve- 
noſa, ſupra glabra, ſubtus tomentoſa, palmaria. Petioli 

teretes, ſtriati, canaliculati, tomentoſi, breviſſimi. 

Wcemi axillates, compoſiti, longitudine fere foliorum. Pedun- 
culi communes tomentoſi; partiales alterni, patentes, to- 


mentoſi. Pedicelli breviſſimi. Flores ſecundi. 


mentoſus, linea longior. 

ala quinque, (baſi forte connata) linearia, obtuſa, extus to- 
mento tenuiſſimo cinerea, calyce quadruplo longiora. 

ilamenta decem, receptaculo inſerta, petalis paulo breviora, 


infra antheras ciliata. Autberæ lineares, filamentis longi- 
tudinaliter adnatæ, üſque dimidio breviores. 

Germen ſuperum, ovatum, tomentoſum. Srylus filiformis, ſta- 

minibus longior. Stigma ſimplex. 


cahr cam panulatus, obſoletiſſime quinquedentatus, extus to- 


inferne connata in cylindrum longitudine calycis, ſuperne 
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Fordyce, M. D. F. R. S. in 4 Letter 22 Bank 
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Read May 24, 1987. | 


ITY 


Ar changes the qualities and appearances of matter i 
various ways. It is alſo a powerful agent in many « 
the operations which mankind employ to fit matter for thei 
uſe. Although the ancients performed many of theſe open 
tions with a confiderable degree of accuracy, yet there ar 
many which they * were totally unacquainted with, and othen 
they brought to little perfection. One principal cauſe wi 
their having no means of meaſuring heat accurately. Vas 
HELMonT Was the firſt who found the mode of meaſuring heat 
by expanſion. His meaſure was an air thermometer, which i 
deſcribed in his Diſſertation, named © Aer”, cap. 12. Since hu 
time, various improvements have been made on thermometers; 
many are ſtill wanted. 'This inftrument - is, however, tit 
foundation of modern diſcoveries on this ſubje&. The ar 
cCients were acquainted with the manner of heating bodies by 
communication, by friction, by burning fuel, by the ſun, Vf 
fermentation, and the taking place of chemical combinations 
in other caſes, BoyLs found, that melting a folid body pr 


duced cold (Experimental oy of Cold, title I. chap: * 
3 | 


Dr. Fon pDrez's Accouit, &c. 


ite condenſations, viz. of vapours into fluids, or fluids into ſolids, 
generate heat. CRAMER was the firſt who took notice of the 


« Docimaſtica,” P. I. f 274. Scholium. ; 
The power of animal bodies, of reſiſting the cold of the 


aſcribed this power to a peculiar quality in animals different 


atter i of no large ſize (he might weigh, as far as I can recollect, about 
twenty-five pounds, not more) in air heated to 160 degrees 
of FAHRENHEIT'S thermometer for half an hour. We took 


Oper⁊ 


re are 


with the experiment. This power has been ſhewn by Mr. 


ſe wit HuwTER to extend to vegetables. The degree of heat one body 
VII capable of impregnating another with, was hardly touched 


g heat] upon by any author before Dr. Crawrorn, who has done a 
hich z great deal in this branch, and is ſtill purſuing 1 it. 


ace ho The ſubject of the preſent enquiry is different from all theſe. 


eters; The propoſition is, ſuppoſing. we can make an application to a 
cold body, ſo as to produce heat in it, and this application be made 


equal quantity of heat will always be produced in an equal 
quantity of matter? That is, for inſtance, whether an equal 
quantity of the rays of the ſun being thrown on an equal ſur- 
face of the ſame matter, ſo that they ſhall be equally loſt, 
bent, or reflected, an equal maſs of matter below ſhall be 


Vol. LXXVII. Z 2 equally 


31 1 
Dr. Sn, that cold was alſo produced by converting bodies 
into vapour. It has been fince that time found, that the oppo- 


k different conducting powers of different bodies, ' in bis « Ars 


medium they are in, has been long known. Mr. ELL1s took 
notice of their being alſo able to reſiſt the heat. Dr. CuLLEE&N 


from the powers of inanimate matter. You, Sir, ſaw a con- 
firmation of this power being very great when we kept a dog 


him out with only the addition of a few degrees of heat; not 
from any uneaſineſs of the animal, but from being ſatisfied 


wich the ſame force to the ſame body, whether by this means an 
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Am, heated ating: to its cxpacity ; whether equal VE 
| brations- excited ſhall always produce the ſame quantity of 
heat; whether a chemical attraction taking place between an 
equal quantity of two ſubſtances 1 always produce an equal 
quantity 8 
The importance of this enquiry is ſufficiently eituar, fince 
If the ſame quantity of fuel being burnt the ſame quantity of 
heat be always produced, our whole attention will be to take 
care that no part of the heat ſhall be loſt ; but if burning the 
fuel under one ſet of circumſtances will actually produce a 
greater quantity of heat than burning i it in other circumſtances; 
or if burning it, will produce a great heat in one place, which 
cannot be carried to another place, but will be again anni- 
| hilated, a very different attention muſt-be paid. I was firſt led 
into this train of thinking by obſerving reverberatory furnaces 
Formerly I had no doubt but that it was obvious, that the ſame 
quantity of fuel burnt would produce the ſame quantity of heat; 
but having occaſion to try ſome experiments in reverberatory 
furnaces, where great heat and cleanneſs were required, | 
tried to heat the furnace with charcoal and coak, or pit-coal 

| charred, that is, burnt till no ſmoak ariſes, but could never 
produce the heat required, although I could do it eafily with 
coal. I inſulated my furnace, fo that after twenty-four hour: 
ſtrongeſt fire, it did not feel in the leaft warm on the outſide. ! 
heightened the ehimney; but all to no effect: in the fire· place 
the heat was ſufficient to melt malleable iron, but in the labo- 
ratory, in the horizontal part of the chimney, the heat ws 
trifling. Since that time I have made various experiments to 
aſcertain the propoſition laid down. The following one, which 
| has been varied and repeated with the ſame reſult, may, pet 
haps, draw the attention of chemiſts to this point. 
5 TD 5 1 formed 


7 


1 ; 1 | 

I formed a cylinder of thin paſteboard, fix inches diameter 

and ſixteen inches long. The inſide I lined with rabbit ſkin, 
laying the fur ſmooth ; a thin ring of paſteboard was placed 
in the middle. One end was cloſed with a bottom of the 
fame paſteboard; the other was open. This cylinder was 
placed in the center of another wider cylinder, alſo of paſte- 
board, which had likewiſe a bottom of paſteboard. It was fo 
placed, as that the outer cylinder was diſtant from the inner 
one'inch and a half; at the bottom and ſides the ſpace between 
was filled with Eider down, ſuffered to riſe to as great a bulk 


ces; as it would from its own elaſticity. The two cylinders were 
vhich WW. even at top, and the ſpace between them ſhut by a cover of 
anni- W paſteboard. In the fide of the machine, a little below the 


ſt led middle of the inner cylinder, a paſteboard tube was made to 
races. paſs through the outer and open into the 1 inner, half an inch 
flame wide, for the inſertion of a thermometer. A fimilar tube was 
heat; placed a little from the middle, towards the other end of the 
atory | ſmalleſt cylinder. A circular plate, of paſteboard, fix inches 
ed, 1 diameter, and about one- eighth thick, weighing 1 0z. 102 grs. 
was puſhed down the inner cylinder, until it was ſtopped w 
the ring, A circle of flint glaſs, ground flat and parallel 
both ſides, was fixed over the mouth of the inner cylinder 10 
as not to obſtruct any part of it. 
A ſimilar apparatus, as exactly as poffible, was formed, er- 
cepting that the circular plate in the middle of the inner cylin- 
der was iron, of the ſame dimenſions with the paſteboard one, 
and weighing 12 0z. 62 grs. Theſe apparatus's were ſet in a 
warm expoſure for ſeveral months, to dry. 
The' circular plates, which were deſtined to receive the direct | 
rays of the ſun, were placed as nearly perpendicular to the 


inner cylinder as poſſible, They were both covered with a 
Z 2 2 3 black 
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' 3. Pr. Fonnven's Actount of 
black paint, ſufficient” to prevent the rays of the n vg 
ne either to the iron or paſteboard. 

On the 28th day of July, 1786, the ſun thining on a z roo 
facing about S.W. the air not cloudy, but not very bright; 
the air in the room 71; at a quarter after twelve, thermo. 
meters being paſſed through the tubes below the plates of iron 
and paſteboard, after ſtanding a quarter of an hour, ſhewed 
the heat 67 in both apparatus's. Both were now expoſed to the 
ſun, ſo that the rays fell perpendicular on the paint covering 
the plates, in equal quantity on each as nearly as poſſible. If 
there was any difference, rather more were thrown on the 
paſteboard diaphragm. In five minutes the thermometer be- 
low the paſteboard diaphragm ſhewed 72 degrees; ; the ther- 
mometer under the iron had hardly riſen half a degree. 


Faro of the rifing of the thermometers. 


Under paſteboard diaphragm. & VUlugcbr iron diaphragm, the 
5 72 1 1 6 105 ES | frot 
80 Care 

« 3 the 

90 tha 

95 the 

; _ in 
105 , pre 

110 


After 20 minutes, 
1 3 121 


* At this time thermometers were put through tubes into the aw of the 
apparatus, between the glaſſes and diaphragms. The apparatus with the iron 


diaphragm raiſed this thermometer to 1217; that with the paſteboard to 1200. 


The 


| an Experiment on Heal. 315 

T be apparatus with the paſteboard diaphragm was expoſed 
16 aa to the fun ; that with the iron was removed, and ſuffered 
room Wl to cool till its thermometer ſhewed 107*; it was then expoſed 
ight; again to the ſun till it had acquired the heat of 110% to which 
rmo- degree the apparatus with the paſteboard hardly reached. The 
' iron windows were now ſhut. The heat of the room had ariſen to 
ewed 80. Both the apparatus's were placed on a table; the doors were. 


o the ſhut, ſo that there was no current of air. 


from 


"Y Paſteboard apparatus, after 30 minutes. Iron apparatus. 
: the ff IF 

Ws After 75 minutes, or 1 h. 45” from the beginning. 
be 5 85 89 
cher After 2 h. or 3 h. * 3 from removal from the ſun... 


A ſimilar reſult aroſe when there . no glaſſes to exclude 
the external air. Likewiſe when the diaphragms were changed 7 
from one apparatus to the other. | 
If any one wiſhes to repeat theſe experiments, he muſt take 
care that the ſize of both apparatus's be the ſame; the weight 
the ſame, excepting the difference of the iron and paſteboard; 
that they be equally ſtuffed, and perfectly dry: for if there be 
the leaſt moiſture, the evaporation will not only make a fallacy 
in the experiment, but it will ſoon obſcure the glaſſes, ſo as to 
prevent the rays of the ſun from paſſing through them. 
Ibe firſt thing to be noted in this experiment is, that the 
rys of the ſun acted on the ſame black paint only: for it was 
ſo thick, that the rays could not penetrate to the iron or paſte - 
board below. The colour was the ſame, and there was the 
lame gloſs; if any thing, that on the iron, in the experiment 


J "lated, was rather more gloſſy, in order that it might not be 
faroured, A 
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favoured, as in former experiments the reſults had been in firm 
of the iron apparatus acquiring the greateſt heat. Every thing, 
therefore, was the ſame, except that the iron and piſicdent 
were of different weights, of different capacities of heat, an 
of different degrees of readineſs to acquire heat, and commy. 
nicate it. 
It̃t is evident, that a greater quantity of heat was aQually 
produced in the apparatus with the iron diaphragm: for ak 
though in the firſt two or three minutes the paſteboard became 
| Hotter than the iron, yet as ſoon as the iron began to be ſenſi. 
bly heated, it became hot faſter than the paſteboard, and 
actually became hotter, and even continued to do ſo, when the 
paſteboard no longer could produce more heat than was diff 
pated from the ſurface of the apparatus into the air. When 
they were ſet in an air equally cold the apparatus with the iron 
diaphragm was longer in cooling, although * were both of 
the ſame degree of heat when ſet by. 

This greater quantity of heat 1 aſcribe to the iron's nad 
the heat from the black paint faſter than the paſteboard, 2 
being a better conductor. Juſt as if a plate of glaſs was placed 
on a plate of ſteel, and another, perfectly fimilar, was placel 
on a plate of olay, and both were placed equally among equi 
vibrating bodies. In this cafe it is clear, that much greatet 
vibration would take place if the ſame means of exciting it 
were applied to that plate of glafs attached to the plate of fied 
than if they were applied to that attached to the clay. I 
not mean to ſay, that heat ĩs vibration; but merely to illuſtrat 
my idea of heat's being only a quality, and not a ſubſtance. 
am led to this not only by this experiment now related, but . 
various other conſiderations, which I ſhall not now inſiſt upon 


as uy are not ſufficiently finiſhed to be laid before this * 
I ſ5 


an Bxperiment on Heat. n 

1 ſhall only add that, among other things which may be 
illuſtrated by it, one is, that all the planets may poſſibly be of 
the ſame heat; ſince, if the matter of which Mercury conſiſts 
was averſe to the generation of heat in proportion to the greater 
number of the rays of the ſun it receives more than the 
Georgium Sidus, they would be both of the ſame heat, not- 
tually withſtanding their different diſtances from the ſun. 
or z. 1 have already ſaid, that I was led to an enquiry into the 
ecame ſubject by the effect it has on chemical operations. 
ſenſ. L remain, &c. 
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XVXXIII. Account of an Obſervation of the Right Aſcenſion an 
Dtieclination of M ercury out of the Meridian, near bis greateſ 
* Elongation, Sept. 1786, made by Mr. John Smeaton, F. R. g. 
with an Equatorial Micrometer, of his own Invention and 
V or kmanſbip; : accompanied with an Inveſtigation of a Meth 
F allowing for Refraction in fuch Kind of Obſervations ;. cons! 
municated to the Rev. Nevil Maſkelyne, D. D. F. R. S. and 

| * Royal, and by. him to the »„— 5 ociety. 


Read June 7, 1787. 


DE LA LAN DE having announced to ſome of my aſtro 
1. nomical friends the utility of accurate obſervations of 
— at his two elongations the laſt year, in Auguſt and 
September; I tried to get obſervations of that planet in croſ- 
ſing the meridian, for ſome days before and after the greateſ 
elongation in Auguſt; and though the Nate of the atmoſphere 
about that time was not very favourable to the purpoſe, yet 
there was one day that 1 thought unexceptionable, but could 
not perceive the leaſt appearance of Mercury; at which I wa 
the rather ſurpriſed, as I had formerly ſeen that planet in the 
like ſituation, with the ſame inſtrument, with perfect perſpi- 


> _ ” . - py. 2 * => — 
— 2 — 2 — — — 


* 5 a 4 ED P I 
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cuity *: and as J did not hear of any one elſe having ſucceedel 
7 |  ® The inſtrument mentioned is a tranfit, made by -myſelf in the year 1768; 
'\ Wh at which time achromatic object-glaſſes not having been, ſo far as I knew, applied 
! Wy to aſtronomical inſtruments by others, but having found the good effects thereol 
| 7 


 * ae ae 81 
* ob@rvation,1 thought it might be very pol for th ewe 
diſppointment agaif c happen, with reſpect. to the approaching 


be of ſome utility to aſtronomy, if, by any means, a good ob- 
ſervation of Mercury could be got; and alſo, that it would be 
2 proper: ſubject whereon to make trial of an inſtrument fot 


R. d. 


Method to conſtruct, above forty years before; but which, from va- 
; com- nous avocations, I did not perfect to my ſatisfaction till the 


year 1770 * fince which time it has lam by, in hopes that 


might be made thereof. - 

This inftrument was i dd as an improvement 
of the common wire micrometer, for the purpoſes: of taking 
differences of right aſcenſion and declination, i in a more com- 


aſtre- oo and effeftual manner than could be done in the me- 
ons of thod then RES ** e- * inſtrument 13 and at the 
t ad + 5041505 eee © bene 


croſ- * us — N 1 — to * a 1 achromatit dige ah, made by 
reatelt Ur. Do.LonD ; which being of equal aperture with the fimple obje&-glaſs, then 


ſphere in the tranſit of the Royal Obſervatory, this teleſcope I therefore eſteemed to bo 


e, yet ef nearly equal validity, as to quantity of light, with that at Greenwich, but 
could reduced to the more commodious length of three feet fix inches, 
13 * Some_obſervations made therewith, after it was completed, I tranſmitted to 


in the WW fnilzr inſtrument to be made for cometary and fuch kind of obſervations as cannot 


WoLLaston has made honourable mention in Phil, Tranſ. Vol. LXXV, for 178 5. 


p. 348. 
+ The common wire micrometer, as uſed by Dr. 8 and deſcribed 


1768; tom a paper of the Doctor's hand-writing, is given by Dr. MasKELYNE in the 

applied Philoſophical Tranſactions, Vol, LXII. for the year 1772; and in addition to 

thereol d which I muſt beg leave to obſerve, that the teleſcopes then in uſe for the 
fol 


elongation in September. I judged, therefore, that it might 


ſuch puspoſes, the idea of which I-had conceived, and begun | 


ſomething might 1 by which a full aud n 


my friend Mr. AvuzzzxT; the confiſtency of which induced him to procure a 


be commodiouſly- made in the meridian, Of this inſtrument the Rev. Mr. 


Ver. LXXVII. a2 aicro - 
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8 ſans time: or 2 3 forpoſe 3 
aftronomical ſettor, - which, \ was contrived' by him 61 by 
Ss xn informs us) to-ſupply the  dkciencies of the 
then in uſe . | 
The moſt acer: and fundaridiient: 3 improvements . 
to be; firſt, that of tendering the micrometer teleſcope Mas. 
nageable upon an equatorial motion; and, ſecondly, the con- 
trivance of a ſtand of ſuch ſolidity and ſtedfaſtneſs that the 
teleſcope might preſerve the poſition in which i it was placed, for. 
a length of time: for it occurred to me, that if the teleſcope 
could be maintained at reſt; or in a degree of ſtability ſupe- 
nor to that of the aſtronomical ſecter; z then the neceſſity of 
taking in à greater compaſs in declination than could be com- 
modioufly given to the field of a teleſcope would be the leſs 
neceſſary: for, inſtead of confining the object to 3 
with a ſtar not differing more than a few minutes of time, or 
at mol} a quarter of * hour in righr aſcenſion, thoſe age 
xiſons could be extended to an hour or two, or even on occaſion 
to three or four hours; there being ſcarcely any part of the 
heavens fo devoid of ſtars, of a ſuitable magnitude for theſe 
| obſervations, but that a proper one may. be found within 
that compals i in * e, "NO thive/1 18 1 


a ncin: Goda, tha: th Alten Fa has, 2 8 ode en fe 
ported at each end upon two wooden ſupports, by which the teleſcope could be 
managed in al:itude and:azimuth ; but not to follow a celeſtial object in its proper 
motion on one center: which apparatus, 1 believe, is ſtill remaining in the 
Royal Obſervatory, : 

* 'Fhis inſtrument is deſeribed in SMITH'S Opties, Vol. H. p. 350.5 ai the 
original one, made by Mr. Gaanau, was, at his death, placed in the Royal 
Obſervatory, and is mounted upon a three-legged land of 2vood. Se? 
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Conſidering, however, that the approaching eon mung 
would be in the morning; and that the beſt chance © 


ſeeing Mercury with this mſtrument would be forhe time in 
the twilight, between Mercury s riſing and the riſing of the 
dun; yet, on ſuppoſition of catching The planet i in his paſſage 
wer the wires, there would be no chance of ſeeing any ſtür 
paſs over the field, wherewith to compare him, till the follows 
ing evening, which being at teaſt fourteen houts, the certain 
poſition. of the teleſcope for ſo great a length of time was 
almoſt more than I could-reaſonably hope for. To judge how 
far I might form an expectation, by way of 4 previous trial 
Leomparedigetum“ with 7 Capricorn *. and found the return 


® The geld of the teleſcope of Me, Avergr's, inframent is two. degrees 
but that of the original, wherewith this obſervation was made, is. 1 177: to 
gain which, the eye-glaſs being immoveable (and. achromatic to prevent the 
indiſtinRtnefs that would otherwiſe have taken place near the border) the magni- 
fying power was obliged to be conſiflerably redured, in reſpect of what has beer 
ulual for, mierqmeters, that is, ſo ag not to exgesd ad times: in conſequences, 
there is, therefore, no need fox ſo long a teleſcope, this being but 34k, 
nches focal len gth of object glaſs; ; but . being. a doyjble, achromatic, made by 
the late Mr. Joun Dor rox p, it is capable of as great an aperture as could de 
piren to the ſimple object · glaſſes of twelve or fifteen feet teleſcopes, that were 
then generally given to micrometers ;- but the pencil of light being greateſt in 
this, is attended with this advantage, that the ſmall ſtars can be ſeen very diſtin 
and in great abundance, like the modern night · glaſſes and there is in reality no 
need of great magnifying powers for the preſent purpoſe; for the place of the 
"ire being viewed by an eye-glaſs, of about 14 inches focus, its place may be 
Uitinguiſhed to leſs than a 230oth part of an inch; which, on the radius of 344 
uches, is ſcarce 2"; of a degree; and which, as 1 apprehend, is nearer the 

ruth than ean reaſonably be expected from inſtruments out of the meridian. 

f Accotding LA this obſervation h̊ preteded » ys the ad of Sept. at 9 h. 18 

e 22 9.7. Mr, and with greater declination ſouth than y by | 
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ater to a fon place Ewmepeain afterwards, both ig 
1h Light anion and declination, uuns ſa naar, that 1 co 1 
A J pect. a goad abſervation of Mercury, incaſe 

I could get a Gght. of. Rim, though the ſtars wherewith he was 

* Ti e diſcs: the falling ercaings 


The Mierometer is furtiiſhed with. Git "000k wires, 4 
ated; in theic order a, A, B, C,D (B being the mid - 
de horarx wire), and: the two declination wires are deno- 
- minated A and B, each. moveable by a ſeparate and independent 
micrometer-ſcrew, from the outſide of the field to the center, 
and a little beyond it; ſo that each wire can be moved * 
Place of the other When at or near the center 
Tha morning of the 23d of September, about a quarter paſs 
five o'clock, the air being clear and perfectly ſerene, it being 
then about an Hour after Mercury S; rifing, and near three- 
quarters, of an. hour, before the rifing.of the ſun, I very readil 
found, Mercury. with the. teleſcope, and when. found conll 
eafily, ſee him with an, opera glaſs; and: Mercury being then 
nn a ſtate of very little alteration of declination, F adjuſted one 
of the declination. wires to his apparent. run,. by making bim 
traverſe the whole field... The obſeryations. were then. taken. a 


* In Dr, wart _ it is s ſaid; that before the FS alqerations, both the 
declination wires were made moveable ; ; and that it was an improvement to make. 
one of them fixed, and. one only moveable. But however they mjght be imme- 
ately preceding the Doctor's time, I believe, the original micrometers by Mr. 
TowNLEvy were with one fixed and one_moveable. declination, wire, as I have. 
ſeen one in this form among the remaining apparatus of Mr. ABRAHAM SHARPE» 
In an inſtrument, however, fitted up for the purpoſes of the equatorial micra- 
meter, 1 believe, it will be found. moſt convenient to have both thoſe wires 
moveable ; as by this means they not only are enabled to fide into each other's Plat, 

| but every part of the frame of the inſtrument remains fixed during the whole of 
the obſcryation, the two flides carrying theſe two wires excepted. . 


cak the next morning and evening. The next morning proved 


r inſtrument, ſo far at leaſt as could regard twenty-four hours : 


| — "I" 7 
— TT F \ ene evening 1 was — | 1 4 
thoſe of x Ceti and „ Tauri, intending to repeat the whole 


cloudy, and fo continued, that I. faw the planet no more ; but 
in the evening of t 26th, I found the ſtars come again ſo 

ear the ſame declination, that I was encouraged to continue 
C obſervation to ſee what change would happen. It then 
came on bad rainy weather till the zoth, when. I again re- 
peated the obſervation, and found the ſtars to come fo near in 
declination that I was fully ſatisfied of the ſtability of the 


but as I was then appointed to go a journey, ant] could 
have no other uſe for it, I locked the door of the Ob- 
ſervatory, leaving the "inſtrument in its poſition, that 1 
might ſee what change would happen by the time of my return; 
and was quite aſtoniſhed to find, on the 13th of October, that it 
bad remained in a manner unmoved; for it had ſuffered no 
more jpparcht alteration than what might occur by the errors 
of obſerving, and alterations of the clocks and tranſit. 
| It buſt, however, be remarked, that, beſides that i in the 
F gs noon of the inſtrument every thing was contrived 
th E＋ likely to give it firmneſs, it was reſted upon 
he P um of an hexagonal pyramid of ſtone, in the founding 
wheregf great care was taken as to its ſdlidity, and was de- 
tched from the floor for ſupporting the obſerver. - 
| This Obſervatory at Au uſthorpe I eſteem in the latitude of 


5 a 54 a N. and f 300 of time W. from Greenwich, 


4 * 
i 1 | a : 
- * 0 
* 5 * : 
* 
* 


| 


; 


» 
. 


_ 


| . 3 7 ; | ; | f ; a ; . 
Aaag3 5 5 Tabl 
. þ : ; | 
N i | 
, -— J—_ - > 4 . — —_ N * 


TET 235.008 
Day, object, 2 


* . 
* .._ wires. 
4 * : <4 . 


— 


Time as Time re- 
2 duced to 
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he clock. min. dx ſec. 
* 7 23. 185 P — 1 4 4 
Pere. to wire 24 3 5 | 24 47-5 * 
A] = 5 25 52.3 26 34.8 5 
Middle wire B | 26 34-7] 26 34.7 26, 3+ 7 
11 % 8 [26 347 
15 | 28 22.5 26 on {> 
| | 7. 


16 28. 4] 1 
49 27-4 


\ © Sept. 26. 

A Ceti to af 9 722 . 
—— of ae 4 24.1 l 
„ FTauri to Al — 29 22-9] 8 
x * 129 23 29 23 

Sept. 36. 
a Ceti to a| 8 48 48.8 . 
2 6.5 48 48.9 
8 49 48 49 | 48 49 | 

E — 2285 3 
„ Tauri to Af 9 5113 47 

"fy C — = * | 

= Orionis to 4 11. —_—_ 
6 3] 43 37-7] 
N B — | 43 38.5 43 37-9 
C| — | 43 37- 8 4 
ET -25+3] 43 37-7} 
OK. 13. WA —— | 
a Ceti to Af 7 58 45 | $9 27.4] 
— 59 27.759 27.7 59 27.5 
C| 8 o 10.7] 59 27-51 
o Tauri to C| — |: 25 10 | 24 26.8 24 26.8 
| « Orionis to af 10 52 30.2 n 
— 8 54 16.99 
— 54 17.2] 54 17.1 
wo $4 17 
_ 54 17.4 
"I 


VL oy Decl. . 5 48. 


A1 5.07] 15.7) 


—_ 
* 


wands 8 o. 


B 16.9 11-14 
B 8.50[N19.61 


A I $.07 8 15.77 


? 


able II. For reducing he Tn” wires of the Equator all 
Micrometer to that of the middle, when taken f in mean 


ſolar time. as 
3 A . 
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| Table Iv. Deviations! in the Areckion of the: axis of the teleſcope of the Equatorial Micro- 
-meter in right aſcenſion and declination in 20 days, from the 2 30 of September to the 


byte: of October, both incluſive, 


_ * at 1 _ 


The declination is expreſſed in ſeconds of a degree. 


N. B. The right aſcenſion is expreſſed in the integer and decimal parts of a ſecond of time. 


47 5 P* Fa from 13 days from[17 days from | 
Objects obſerved. 3 days from the | the 26th to 7 days from the | the Zoth to] the 26th to | 20 days from the 
23d to 26th. zoth, | 23d to 3oth _ 13th, 13th 23d to 13th. 
1 4 E i 1 5 r 8 77 90 
a Ceti [> Aſcenſion | exact © | too late 1.1 | too late 1,1 too ſoon o. 3 too late 0.8 | too late ©.8 
L Declination not taken the 23d] exact ©, ſnot taken the 23d | exact o. exact o. not taken the 23d 
„ Tauri IR. Aſcenſion | too late ©.2 | too late 1.0 | too late 1:2 ftoo ſoon o. 5 too late o. 5 too late 0.7 
Declination = South 8, | South 1, South 9. South 2. South 3. South 11. 
G | | | | 1 | : WEL 9. | | | : 
. Declination Hap — E — exact o. | = = =| - 2 2 
25 * a — — = — . — 
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Mr. SMEATON 's Obfervation of Mercury 


| EF xplanation of the | 97 obvious parts of the Tables of the Obſerva- 


tion of Mercury near bis * Sept. 1786. 


The third column of Tab. 1 contains the times of obſerva- 


tion as they were taken down from the half-ſecond journeyman 


clock, in minutes, quarters, and beats, according to the following 
method ; which was, by taking up the beat when the ſecond 


hand came to 15, 30, 45, or 60, and then counting 30 beats re- 
peatedly till the arrival of the object at the middle of the wire it 


was approaching; ; after its arrival, the beats (or interval be- 


tween two beats) being retained in memory, and the eye caſt 
upon the dial- plate, it was eaſily ſeen whether it was ſo many 
beats more than the quarter, the half, three-quarters, or the 


whole minute, and was ſet down accordingly. Thoſe reduced 


to minutes, ſeconds, and tenths of ſeconds, by allowing 2 0r.3 
for the quarter ſecond, ,5 the half, and .7 or .8 for the three- 
quarters of a ſecond, are contained in the fourth column. The 
reduction of the fourth column to the fifth was by means of the 

auxiliary Tab. II.; and Mercury being then nearly ſtationary 


reſpecting the ſun, the ſun's run was uſed for the planet in- 


ſtead of that of a ſtar. The mean of each ſet of obſervations 
of the fifth column is carried! into the fixth. 5 
The ſeventh column contains the parts of the micrometer 
as they were read off; to render which intelligible, it is to be 


noted, that the declination wire A travels from the upper ſide 


of the field of view of the teleſcope towards the center, and 


ſomewhat beyond it: and upon it are taken all the objects that 
paſs the field of view on the upper ſide, anſwerable (by inver- 
ſion of the object) to the fouthern half of the field: and in 
like manner thoſe that pa the field of view on the 1 

2 85 „„ e 


z declinition north. The ſcale of the micrometers of each 


milf are taken upon the wire B, and for the ſame le e 


wire begins from a point aſſumed ſomewhat without the field, 


and the number increaſes from thence towards the center of 


the field, and continues beyond it; the integral parts are the 
turns of the ſcrew, and the centeſimal the diviſions of the 
index plate, being divided into 100 parts. The point of the 
ſcale, anſwerable to. the center of the field of view, having 
been found by obſervations on each ſcale reſpectively; 3 when 


the wire A( Auſtralis) ſtands at 30.84, it is in the center of the 
field; and when the wire B ( Borealis) i is at 28.11, it alſo cuts 


the ſame center. Hence the parts of the micrometer being 
reſpectively taken from thoſe two numbers (which may there- 


fore be called conflant numbers) the remainder will be the 


diſtance of each reſpective wire from the center in parts of the 
micrometer. Thus, in the obſervation of o Tauri upon the 


23d, the parts are B 8. 395 this taken from 28.11, leaves 


N 19.72, which are placed in col. 8. as the diſtance; in parts 


of the micrometer, that o Tauri paſſed north of the center of 


the field of view, or axis of the teleſcope. 
In like manner, in the obſervation of Mercury on the 2 3d, 
the parts are B 28.8 5; but this being greater than the conſtant 


number 28.11, the exceſs will be. 74 parts; which being the 
parts reaching beyond the center, they will be ſo much fouth 
of it, and are ſet down therefore in col. 8. $ 0.74: and in this 
manner the declinations of the reſt are made out, from their 


reſpective numbers of parts of the micrometer, and Jet down 
in col. 8. 

The numbers of the ſixth column of Tab. I. are n 
to the third column of Tab. III.; and the declinations ſet down 
in parts of the micrometer, Tab. I. col. 8. are transferred to 
Fol. 7. of Tab. III. 
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Col. * of this table contains the corrections of the 
times deduced from the journeyman clock (as per col. 3 
to reduce it to mean time; which corrections are made 
out from the general account oß the goings of the tranſit 
clock, corrected by tranſits of the ſun, taken the 22d, 230, 
27th, and 3oth of September, and the 12th,. 13th, and 14th 
of October . The journey man clock was regularly com- 
pared at nights and mornings with the tranſit clock; and ge- 
nerally immediately after the obſervation. The meridian and 
ratative obſervatories in which the clocks reſpectively were, 
are at the diſtance of 53 yards E. and W.; the . 
were made by a ſeconds ſtop watch f. 

T be numbers of the fourth column being properly applied 
to thoſe of the third produce the fifth; and which, with the 
fixth column, will be ſufficiently explained by their titles. The 
parts of the micrometer in the ſeventh column, being reduced 
into minutes and feconds, are contained in col. 8. and reſpec- 
tively ſhew the minutes and ſeconds at which each object 
4 paſſed to the north or ſouth 'of the center of the teleſcope. 
The value of the parts. of the micrometer were obtained by 
previous obſervations, from whence the following rule was 
deduced: the numbers of turns and. centeſimal parts being con- 
ſidered as integral, and divided by 1. a8, the quotient will be 
the number of ſeconds. — hus, i in the obſervation of o Tauri 


* The tranſit clock was made * Hixouzr, and has a pendulum rod F 
nl cedar wood, | 
| 1 14 I The journeyman clock was generally ſet to the tranſit clock on Sunday 
| || | mornings ; and when from home the former was ſuffered to go down. Tie 
Journeyman will generally agree with the tranſit clock to 2“ in 24 hours; but during 


i the period of theſe obſervations, went remarkably well. 


-— —_— —— — 
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92 | 


upon the 23d, the parts 1972 divided by Lob. Ho 1926” 
4300 26“; and the parts of mercury , divided by 1.08 
67 S 8”. Now the teleſcope being fixed to one point of the 

heavens during the whole. period of theſe obſervations, withoug - 5 
any motion of any of the parts, the ſcrews. commanding. 
the- declination wires A and B excepted, we are enabled. to 
judge of its ſteadineſs to this point by the following remarks. 
If it varied in declination, this would be ſhewn by the paſſage 
of the ſame ſtar at a different diſtance from the center of the 
teleſcope at different revolutions; and if it varied in right aſcen - 
fion, it would be ſhewn by its not paſſing the horary wires at 
the due time, according: to the- acceleration of the ſtars upou 
the mean time of tlie ſun. Both the right aſcenſion and de- 
clination may he varied by differences of refraction of the air 
at the ſame altitude; and the right aſcenſion is further liable to 
be apparently varied, by the errors of the tranſit inſtrument, che 
tranſit clock, the transferring of its time to the journeyman 

clock, the intermediate errors of the ſame, and of the obſer- 

vation itſelf; and. as there paſſed an interval of almoſt 16 
hours betwixt.the paſſage of Mercury over the field of view of 

the teleſcope and that of > Ceti, which was the neareſt ſtar - 
wherewith a compariſon could be made,” it 'will be a ſatisfac= 
tion to ſee, as before intimated, what variations aroſe in ſtill. 


greater intervals of time. 
In right iſcenfidn.- a 


* 


- FF 
Thus 3 Ceti upon 8 2 3. paſſed the horary wires at 9 8 26.4 --. 
and — os a — — — ———ůĩ— 1 — 9.59. 40.6 . 
A Ceti Os came ſooner in three days by — 11 47.7 
but —— ought to accelerate on mean timm— = 11 47-7 
— therefore came after three days exactly to the time. 


D —— a I _ © 
r 


a Dinan o Mana 


1 4% 91 1 71 Ts « Tas W- » 7 


— — 


'S I 1 . _—_ 


29 px) 80. + 
"Y 


©; 00 ym 26. *9 85 Lind... 
att 1 Nit n + + © 47-6 


—_ to accelerare on mean time 147 — - Wi 11 4% 
A therefore came too late in Ae 7 e —_— 


L 


+ es declination. ON 


of 


” ami upon "Bape. 23. 3 paſſed north of teleſcope” 8 center 4 30 20 
I R 26. | —  - 8 
— therefore paſſed leſs north, or-more ſouth, than before by Do 


13 like manner every eompariſon that Tab. III. affords is par 
ticularly ſet down in Tab. IV. which containing thirteen com- 


pariſons in right aſcenſion and ten in Yeclination, the greateſt 


deviation in right aſcenſion is 1” 2, and 11” of a degree in 


declination. This ſuppoſes every error before mentioned to 


reſide in the inſtrument, and every other inſtrument and obſer- 


vation, which were concerned in the reſult, to be perfect; 
which, from the ſmallneſs of the total errors, ſeems to indi- 


cate a degree of ſteadinefs in the inſtrument unexperienced ot 


-unnoticed before. 


Deduction of the dition + Mercury from the preceding 
7 ebſervations as ſet down in Tab. HI. 


In right aſcenſion from col, 6. 


Tauri followed x Ceti Sept. 2 3. — = _ 
— — — 26. — — — 
eee DT, Vöͥwàqrß 


at a mean of the four 


eee Rag 274 


Same 


Ther 


wih an Equatorial eee. 


g Orionis followed o Tauri Sept. 30. — — 2 
n * — Sans 
——— tn ———. 
om Mercury preceded à Ceti Sept. 23. „5 — | ö 

x Ceti preceded o Tauri by mean of fou... 
o Tauri preceded 4 Orionis by mean of two — | 
Mercury: therefore preceded a Orionis by „ 


In Abet * col. 8. 


Sept. 23. A. M. a paſſed the middle horary wire, ſouth of i its center. 4 ö 
dame erening 0 Tauri paſſed the middle borary 5 north of. it =: "904 


Therefore Mercury paſſed the middle horary wire more s. than 0 Tauri by 31 34; 


wW . 


LIT IE" 1. 7 
But W a6. a Ceti paſſed N N. ** center „ D if.” b . 7 
0 Tauri ——————— 30 18 ſ 
A — . — 2 11 6-21 
- 30 Ceti 5 7 | — 6 a 
3 0 Tauri — — 30 17 9 
—= Oc. 13 Sen OY ITT nd * SIT 


From the ſmallneſs of the 8 Ane we > ey mie 
that very little uncertainty. in declination * attended Rong 
pallage of o Taur: 18 Sept 23. 


. 9 14 
Epo Sept. 30. o Tauri paſſed N 30 17] Sur E 1 
— — a Orionis —— 8 24 20 = 
Upon Oct. 13.0 Tauri paſſed N 30 15 
4 Orionis— 8 24 20 = 2 38. 
| | 8 5 . an 
| ® Orionis then at a mean paſſed more ſouth than 0 Tauri N 584 30” 


Ilere, therefore on the 23d paſſed with more declination than s Oriente 2 2-8 
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"The ect dedaQ ions and remarks ſhew the 3 | 
r with themſelves; yet, from the poſi 
con of the teleſcope, it being only elevated 11 above the 
on *, it is neceſſary 20 examine how far the deductions 
above ſpecified were capable of being affected by refraction. 
Ad in this reſpeR it will appear, that if it be ſuppoſed, there 
is no difference in the quantity of refraction of ſuch objects a 
appear within. the limits of the field of view of this inſtrument 
Chich! is 1* 17: then their relative poſitions to each other will 
not be affected thereby: for if in fig. 1. (Tab. XIII.) we ſuppoſe 
the circle VHRO t to repreſent the boundary of the field of view, 
- HO being an horizontal and VR a vertical line, each paſſing 
- through the: center of the field at L; and if PLP denotes a 
part of a parallel of declination, then BLX perpendicular 
| thereto, woll be a part of an horary circle, both paſſing through 
the ſame center, Now let 4+ be the apparerit path of a ſtar, 
_ | ſuppoſing i it unaffected by refraction till it comes to the vertical 
| Une at g and there to be lifted up by refraction in the faid 
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vettical to- L. Let e+ denote another ſtar, alſo unaffected by 
| refraction, to paſs along the. different parallel of declination 
A er till it comes to .; then, if it be ſuppoſed that the two 
gars are both ſituated in the ſame horary circle, if at the point 
nl. + refration takes place, and by hypotheſis this is lifted up 
equally with thié other, in the perpendicular +/, then the 
1 line + X being drawn through the places of the two ſtars, will 
[| be cotempogary and parallel to LX; and the figure IT AL 

i being evidently a rhomboides, .the 'two ſtars, fo altered by 


5 408 will * be deduced by inſpection of the celeſtial ds. 
Red refraction, 


| 0 8 LL. ant an Equatotial 13 33 5 "1 
— 1 arrive together at the horary circle LX at the 
ſame time, and with the ſame difference of declination, as if 
no refraction had taken place. It is therefore only the difference 
of refraction which takes place in objects at different heights 
in the ſame Feld, that can alter their relative ſituations: how- 
ever, it appears neceflary to examine what this may amount 
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Let the letters in "oP 2. denote the ſame things as before; 
to which we will add, that a, A, B, C, D, denote the parallel 
borary wires of the micrometer, and Ad, BB, the declina- 
tion wires, denoted A and B in the tables: now from the celeſtial 
globe we ſhall alſo readily obtain the horary angle VLP= 54 
Lic. Let now an object paſs along the wire AA from the 
horizontal line at d to the vertical line at &; in this it will paſs 
through a difference of refraction, according as it gets more 
and more elevated above the horizontal line HO; and let the 
elevation Lo be half a degree or 30 minutes: then, according 
to Dr. BR ADLEV's Table of Refraction “, the difference of 
refraction betwixt the 78th and 79th degrees of zenith diſtance 
is 230.6, half of which 11%.8, may be eſteemed the difference 
of refraction for a difference of half a degree of altitude at 
78 zenith diſtance, or of 11 altitude: the object, there- 1 
fore, in paſſing from the horizontal line at d to the vertical ine _. | 
at b paſſes through every difference of refraction from o“ to Ni} 
11”.8; and the queſtion is, hoy much it is at a medium, that 
is, when it arrives at the midflle wire at the point c? From 
this point let fall the perpendicular ce. Now, the proportion by | 
of the ſides of the triangle dbL being given from conſtruction, oh 


they may be taken off by a ſcale, viz. 


_ * Inſerted in Dr. MasKELYNE's Obſervations, Vol. I. p. 15. 


Vor. LXXVII. se = 


— — nos > <A + 
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db = 299 
dL=242 
and ration the fide Lb = 30 
the other ſides by proportion ab 51. 6 

as above will be e 
The triangles Lbc and ace are fimilar to dbL ; therefore fa, 
as .db=51.6 : dL=41.7 :: LS O: Lce=24; and as Lö 
30: Le=24::dL=41.7: de=33-5; and again, as db 
51.6: de a 33.5 :: Lb=30: ce 19.5: but this will affect the 
declination, only in proportion of the line ef drawn parallel 
to LX; and it will affect the right aſcenſion according to the 
line fe: but the triangle ecf being fimilar to the original one 
a4bL, we ſhall have 4h = 51. 6: LS 30 :: ce 19.5 : fe=11.3 
for the line affecting the right aſcenſion; and alſo, as dh 
51.6: L= 41. :: ce 19.5: 15.8 for the line affecting 
the declination. But the effect of difference of refraction upon 
the line Lb= 300/ being only 11”.8, the reſpective effects of 
the lines fe and ef will be in proportion; that is, 


4 8 


2s 30: 11,3: 1 1.8: 1 4 for wank effect in right aſcenſion, 
and as 30: 15. 8 :: 11.8: 6.2 = declination ; 
but as it has 1 determined, that ſhin the line Lb is 30 
minutes, the line LC, or the correſſ ponding declination, will be 
only 24 minutes; the effects of refraction above ſtated will de 
therefore due to 24 


Correction for the ' Pofition of the wires. 


The above corrections take place on ſuppoſition that the 
ſeveral wires of the micrometer were ſtrictly parallel to the 
reſpective parts of the circles of declination, and horary circles 
in the heavens; but in the practical uſe of this inſtrument it 
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01th an Equatorial Micrometer. ' 337 
is found more convenient, on account of a ready and certain 
adjuſtment, to place one of the wires AA or BB parallel to 
the apparent track of the ſtar wherewith the planetary body is 
to be compared: in conſequence, when the ſtar x, fig. 1. is 
lifted up to L, it will not ſtrictly purſue the line LP; but 
being leſs and leſs lifted up as it mounts higher, it will appa- 
rently fall more and more below the line LP as it aſcends above 
the line HO, and will therefore take a courſe, ſuppoſe Lp. 
The wire PLP being therefore adjuſted to agree with pLp; by 
conſtruction of the inſtrument, the wire BLX will aſſume the 
polition Læ perpendicular to pLp. The ſtat, therefore, that 
ran along the parallel e before it ſuffered refraction, and at 
+ was ſuppoſed to be lifted up to /, there not meeting LX 
will take the courſe hy, nearly parallel to Lp, and have ſome 
diſtance, as I, to travel before 1t arrives at the new-placed wire 
Ly; and it is now proper to examine what this quantity 5 
may be. s 
Through the point 2 draw the line 1205 parallel to HO, and 
cutting the vertical RLV in e, and let Le be aſſumed = = 30" 3 
then, ſince the angle XLx is ſuppoſed to be minute, the groſs pro- 
portions of the ſides of the triangles Lyz and Ly may be, for 
this purpoſe, ſuppoſed the ſame *, and the ſame as Lc, dbL, 
fig. 2. to which the triangle Lo, fig. 1. will alſo be fimilar ; 
as likewiſe the triangle yx, and alſo the little triangle xlu: but 
making the fide /v of the triangle zi equal to the effect of 
refraction in perpendicular 11.8; then, to find the ſide E, 


41 am aware, that the ſuppoſition of the ſides of the triangles Lyz and Ly! 
being the ſame cannot be ſtrictly ſo; nor can they have the ſame proportions 3 nor 
are any of the lines concerned right lines, that are ſuppoſed ſuch ; but aſſumptions 
near the truth are allowable for the correction of an error in the greateſt part, 
that if uncorrected would ſcarcely amount to a groſs error. 
Ccea3 the 


- Ys . off 7 by 
. - | f 


348 Mr. S* E A Tos Oh er vation f Metcury 

the diſtance run from the firſt to the laſt ſuppoſed place of the A 
wire, we need only ſay, as L = 30: 4b = 51. 6 :: lu 11.8 :K cli 
—20”. 33 . and this will be its value when the declination Le, 
fig. 2. is 247; but then the declination L/ or La, fig. 1. co 
being greater than the perpendicular fide Ls (aſſumed 300) in the in 


proportion of Lz : Ly, fay, by ſimilarity of triangles converſely, mi 
asdL=41.7 : g 51.6 :: Lo=3o': Lx S 38“.2; but as the MW pa 
correction before ſtated of 200%. 3 is an angular error, taking place hi 
in proportion to the diſtance from the center, or the TE) ; re 
for the declination —_ of 24 ſay, as 38.2: 24 :: 200.3: 13; WM to 
to which adding 47.4, we ſhall have 17.4 for the whole error of 
in right aſcenſion, ſuppoſing it in the equator, but muſt be h 
again increaſed in the proportion in which a ſtar having decli- {t 


nation 1s flower than a ſtar in the equator 3 ; that is, it muſt be n 


increaſed in the proportion of any of the numbers in the 
fourth column of Tab. II. to the ſimilar ones in col. 6. of 


the fame table; that is, as 1” 46” : 1” 47” or as 106: 107, 0 
174: 17“ 6*, 
As all theſe errors, ariſi ing from difference of e are 0 

in proportion of the diſtance of the object from the center of the It 

teleſcope, they will take place in proportion to the difference of 
c 
| 


declination of the two objects to be compared, whether they have | 
paſſed the field on the ſame, or on different fides of the center. 
Now the difference of declination of Mercury and à Orionis 


being only 23“ 2”, and the quantities n made or for 24 
ſay (rejecting the 2 ſeconds), = 24: 20:3: ne 


which turned into time in the run of the ſtar will be 17 
in right aſcenſion. 


* My friend Dr. MasxELYNE obſerves, that in Arictngſ each ſtar ought to 
have its own proper reduction, on account of difference of declination, which in 
artreme caſes will amount to a ſenfible quantity, 


3 | 228 Say 


| obſervation, firſt of all to aſcertain the degree of dependance 
that may be formed on an inſtrument of the kind; and, ſe- 
condly, to infer ſuch eaſy and ſimple rules, that other ſimilar 
| obſervations may be the more eaſily reduced. Being therefore 
ſatisfied of the ſtability of the inſtrument ; if we had concluded 


- 


wu an Equatorial Micrometer. "2429 
Say again, as 24: 23' :: 6.2 : 6”, the "corretion in de- 
clination. From the near equality of the lines L/ and Lz, it 
is evident, that no correction of declination is neceſſary on ac- 


count of the inclination of the wires, the whole difference falling 
in right aſcenſion. As therefore Mercury paſſed with 23“ 2 


more north declination than a Orionis, and paſſed through a 


part of the medium that lifted him up leſs; it therefore gave 


| him leſs north declination than it did to a, and therefore appa- 


rently diminiſhed the real difference 3 hence 6/” muſt be added 


to the apparent difference 23' 2“, making it..23' 8” difference 
of declination : and as Mercury was lifted up leſs than æ, 


he would not ſo ſoon come to the middle wire * 1.1 as he 
ſhould have done, he therefore came too late by 1/1, which 
muſt be ſubtracted from the time of Mercury s paſſage the ad 
of Sept. which will increaſe the time in which he preceded 


4 Orionis; that i is, 18 h. 43“ 42.4 increaſed by 1.1 will be- 
come 18 h. 43 43%. 5 difference of right aſcenſion. 


1 have been the more particular in the inveſtigation of this 


the obſervation with that of Mercury in the morning, and of 
o Tauri in the evening of the 23d, then the reſult from Tab. 
HI. ſhould have been 


ATE 3 
Mercury paſſed the wires at — "RE —— 17 22 34.9 
And o Tauri paſſed at — _ = .9 36 27 3 

Difference of right aſcenſion — — I 15 13 52. 4 
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mean of the whole : : 


And if to Mercury's declination ſouth of teleſcope's center 
We add o Tauri's ————— north —— = 


We ſhall have for the difference of declination 1 


the ſame as before determined. Our obſervation would, thaw 
fore, in this caſe ſimply have been, _ Mercury preceded 
o Tauri in right aſcenſion 15 h. 13' 527.4 mean time, and 
| | OT _ wire with more ſouth declination than U Tauri by 
31734. 0 

After this, 0 Tauri would have required to T6 compared with 
ſome well rectified ſtar by meridian inſtruments ; but in the 
preſent caſe a Orionis, one of Dr. MASKELYNE's Catalogue of 


4 therewith by the ſame inſtrument, while pointed to the ſame 
place of the heavens. The operations which were ſubſequent, 
therefore, muſt be conſidered : as intended to fave thoſe of a 


meridian inſtrument. 


one with « Orionis; but it muſt be obſerved, that whatever 
quantity of correction the difference of declination would occa- 
ſion, it would be compenſated in the difference of refraction of 
of o Tauri and a Orionis, when they came to be obſerved on 
the meridian ; however, in the preſent caſe it happens to be 
more commodious, as both can be done under one. 
Preparatory then to the laying down the ſimple rule for the 


correction of refraction, it is proper to premiſe, that 1 it is evi- 
dent, 


— 
0 x 1 * by * 
„ 
WM 

* 


which is the very ſame as was before deduced from the 1 


34 principal ſtars happened to lie ſufficiently near the ſame pa- 
rallel of declination, to admit of o Tauri to be compared 


Now had our obſervation concluded | with the PRO then 
the correction would have taken place upon the difference of 
| declination of o Tauri with Mercury, inſtead of the ultimate 
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dent, the lines, fig. 2. Lb, Lc, ce, ef, being in continued 
proportion Lb will be to ef in triplicate proportion of L5 to 
Lc; and that Le will be to ef in duplicate proportion of 
: Lc. The difference of declination, therefore, due to 
20/ difference of elevation will be as L to Le ſimply z but the 
effect of difference of refraction in declination will be leſs than 
the difference of declination in the proportion of L#/ : Le“; 
and that the effect of difference of refraction in right aſcenſion : 
will be leſs than the difference of refraction in declination in 

the proportion of L: cb ſimply. 
Nov it has been remarked, that the elevation of the tele- 5 
ſcope's center above the horizon, and the horary angle VLP, 
will always be readily given near enough for the purpoſe by 
the globe. A triangle given Lbd can therefore be conſtructed, 
and the fide Lb being made 3o' (or any convenient aliquot 
part of a degree) the other ſides will be- found by ow 
tion: ſay then, as in the preſent caſe, db=51.6 : dL=41. n 
Lb=3o : Lc=24, for the difference of declination correſpond- 
ing to half a degree of altitude: ſay then, as 51.6“: 41. 
that is, as 2663: 1739 :: 24:15. =ef. But without trou- 
bling ourſelves with high numbers, 1f we take the proportion 
51.6 to 41.7 by the flide-rule twice, we ſhall arrive at 15.7, 
near enough for the value of the line /: ſay then, as Lb= | 
30: % 15.7 :: 11.8 : 6”.2 for the n in declination: 
and as dL = 41. : LGS 30 :: 6%. 2: 4.4 for the refraction in 
right aſcenſion, according to the true poſition of the wires: 
and, for the correction of right aſcenſion in the poſition of 
the wires, ſay, 5 


Fig. 2. 
_ tha 


As Lb=30 : 4b=51.6 :: 1 11% 8: R200. 3; 
and again, IL 41. 7: bg 51.6 :: Lo=3od' Lg 380.2. 
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Take now Lö, fig. 1. Le, fig. 2. 24, and draw the 


this 


38% Lb (or E)=24' :: k=20".3 : bi= 13”, which A 
= '=17”.4 for the whole error in right aſcenſion, with a decline 

tion or diſtance from the center of 24 but as the errors both of 

Tight aſcenfion and declination are in proportion to diſtance from 
the center, as the ann of the Fug and ſtar is%nly 23, 
i Þ 5 + $388» & 16% 1 1.1 time; and for'the de- 
il * Elination, ſay again, as 24: 230 * 60 14 2 of declination ®, 
1 | 


\ 
\ 


== Redudtion of Mercury's 8 an ton a. * Orion to | righ 
=_. aſcenſion and declination. 


We have laid it down, that the 23d Sept. 1786, AM. at 
Sb. 22 * 9 mean time, Mercury preceded « Orionis 18 h, 


2 We”. 
—_— to Dr. Mem ad 8 Catalogue of 34 "oy the 
right aſcenſion of « O reduced to the time when he was 
obſerved is 85 54/ 12”. „„ | 
Now as the whole circle of the 8 makes a revolutive 
in the time that 4 Orionis makes one turn, which is 


3 
23 56 4.1 then from this deduct 


25 43 435 


7 12 20.6 remains for the time that « Orionis preceded 


o | oy. 3 


 ® If the compariſon had been wich o Tauri, then we muſt have ſaid, 


41 11 Hl 


As 24 : : 312 :: 17.5: 23=1.5 of time, 
and 24: 3IZ :: 6.2: 8. 1 correction for declination. 
N. B. All theſe and the above 5 will be commodiouſly wrought with 


the ſlide - rule. 
Mercury 


"Ms. > Sue 24 08 eee of Mercury * * "Mm * * 


i "Bk, fig. r. parallel 15 the line /zy, and then ſay, as 1 1 


45 43-5, and had then a more norte declination by 
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Yercpry in right 'aſcenſion ; but if 4 ran the whole rotation 


= 260" in 23 h. , what portion of it will be run in 
3 1/6? 
Fh. 12 20/6 18740 


But 24 h. = 86,400 ſeconds, and 360= 1, 296, 000. „ Soak; : 
| Time. Time. Of degrees. Of degrees 8 
zy then, as 86400” : 18740“. 6 :: 1296000” : 281100 - = 1 
gut, according to Dr. MAasKELYNE's ſelect Catalogue, the right aſcen- 
fon of a Orionis for Sept. 30, 1780, was, (which add) 3 35 54 12 10 


4 * o 


The right a: 3 of Mercury at the time of obſervation was therefore a 3 % 21 


According to Dr. ve ſele& Catalogue « Orionis had decli- s Fa. 
nation north, corrected for precefion  — — - 4 Wn Ks 


The ſum of aberration and nutation from Connoiſſance des Temps 3 + 84 


The correct declination north of « Orionis — — 7 21 17.2 
To which add that Mercury paſſed more 1 - — 23 8 


lercurys declination therefore was — - Re 7 


The r 2 
186, Sept 23. A.M. 5 right aſcenſion En 
[it k h. 22 5 M. T. Jaw * ys | een north g =. 
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XXXIV. 4 reniarkable Caſe of numerous B irths, with Obſerve. 
tions. By Maxwell Garthſhore, M. D. F. R. S. and A. 8. 
in a Letter to Sir Joſeph Banks, Bart. P. R. S. 


Read June 21, 1 787. 


10 $IR JOSEPH BANKS, BART. P.R.S. 
SIR, St. Martin? s-Lane. May 28, 1787, 
= 


HE following very extraordinary caſe, communicated to 
me by Dr. BLANE, F. R. S. I take the liberty, at his 
deſire, to tranſmit to you, with his letter to me, containing 

the proofs of its authenticity ; hoping that it will appear to 
| You, as it did to us, worthy of being read at one of the meet- 
ings of the Royal Society, as a fact in natural hiſtory, which is 
Equally uncommon, curious, and well vouched. In order, how 
ever, to make its ſingularity more apparent, I have taken the li- 
berty to ſubjoin ſome obſervations on births of this kind, with 
| ſuch well authenticated accounts of fimilar events as I have been 
able to procure, confining myſelf chiefly to thoſe which have 


happened in our own country, where we are leaſt E to be 
deceived. 
I have the honour to be,&c. 


MAXWELL GARTHSHORE- | 


6 


p. S 


P. 8. As one Proof of its fogulicity, I, many months 


| 2g0, employed various friends at Peterſburg, Berlin, Vienna, 
| Lyons, Paris, and Ghent, to colle& for me well authenticated | 
| caſes of this kind, and 1 have not as yet been able to procure 

| my. | | | 


Pay 


Copy of a letter from Dr. BLANE, Phyſician to his Majeſty's 


Navy and to St. Thomas's Hoſpital, F. R. S. to Dr. Garth- 
ſhore, Phyſician. to the Britiſh Lyi ing-in Hoſpital. 


oi" 


DEAR 8 I R, Sackville. Street, Tune 22, 1796. 


A few days ago, I received from the country an account of a 
woman who vas delivered of five children at-a birth in April 
laſt, As your extenſive experience and reading in this line of 


practice enable you to judge, how far this fact is rare or inte- 
| reſting, 1 ſubmit it to you, whether it deſerves to be commu- 


nicated to the Royal Society. Mr. HvuLr, the gentleman who 


ſent me the caſe, is a very ſenſible and ingenious praQitioner of 


phyſic at Blackburn, in Lancaſhire. He attended the labour 
himſelf from beginning to end, and his character for fidelity 


and accuracy is well known to me, as he was formerly a pupil 


at the hoſpital to which I am phyfician; fo that no fact can 
be better authenticated. He mentions alſo, that he has pre- 


| ſerved all thoſe five children in ſpirits; and, if deſired, he will 


ſend them for the inſpection of the Society *, 
Jam, with eat regard, &c. 


Gitzznr Brave. 


"P They were accordingly ſent; and having been exhibited to the Society when 
this Paper was read, are now depolited in the Muſeum of Mr Joan Husxrer; 


MARGARET 
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formerly delivered of one child at the full term of pregnancy, 
conceived a ſecond time about the beginning of December 
1785, and from that period became affected with the uſual | 


month, ſhe became lame, complained of conſiderable pains in 
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Dr. GanTrusnons's. Remarks on 


| 


Mancantr Wapvineros, 3 twenty-one, a poor woman 
of the townſhip of Lower Darwin, near Blackburn 1 in Lancaſhire, 


ſymptoms that attend breeding. At the end of the firfl 


her loins, and the enlargement of her body was, ſo remarkably 
rapid, that ſhe was then judged by her neighbours to be almoſt 
half gone with child. At the end of the ſecond month ſhe 
found herfelf ſomewhat larger, and her breeding complaints 
continued to increaſe. When the third month was completed, 
ſhe thought herſelf fully as large as ſhe had formerly been in 


her ninth month, and to her former ſymptoms of naufea, vo- 
miting, lameneſs, and pain of the loins, ſhe had now added a 


diſtreſſing ſhortneſs of breath, She continued to increaſe fo 
rapidly in fize, that ſhe thought ſhe could perceive herſelf 
growing larger every day, and ſhe was under the frequent 


neceſſity of widening her cloaths. When ſhe reckoned herſelf 
_ eighteen weeks gone, ſhe firſt perceived ſomewhat indiſtinctly 
the motion of a child. By the 2oth of April, 1786, all her 
complaints were become much more diſtreſſing; ſhe had much 
tenſion and pain over all the abdomen, her vomiting was in- 


ceſſant, and ſhe now could not make water but with the utmoſt 


difficulty. The ſymptoms being palliated by Mr. LancasTER, 


ſhe advanced in her pregnancy to Monday the 24th of April, 
when being ſuppoſed to have arrived at the twentieth week, 
ſhe was ſeized with labour pains. Theſe continued gradually 


to increaſe till the next day, about two in the afternoon ; at 
which time I was ſent for, Mr. LANCASTER being abſent, 
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nd E was 2508 delivered of a ſmall, dead, but 1 not Point 
nan emale child. The pains continuing, this was ſoon followed 
ire, iy 2 ſecond leſs child; ; to this very ſoon ſucceeded a third, 
cy, Iunger than the firſt, which was alive; to theſe a fourth ſoon 
ber followed, ſomewhat larger than the firſt, and very putrid ; 
ſua Int of. all, there ſoon ſucceeded a fifth child, larger than any of 
fir {ibs former, and born alive. Theſe five children were all fe- 
s in {males ; two were born alive; and the whole operation was per- 
ly Formed in the ſpace of fifty minutes. The firſt made its ap- 
jearance at two in the afternoon, and the laſt at ten minutes 
tefore three. Each child preſented naturally, was preceded by 
i ſeparate burſt of water, and was delivered by the natural 
gains only. In a ſhort time after the birth of the laſt, the 
placenta was expelled by nature without any hemorrhage, was 
ncommonly large, and in ſome places beginning to be putrid. 
lt conſiſted of one uniform continued cake, and was not divided 
to diſtinct placentulæ, the lobulated appearance being nearly 
qual all over. Each funis was contained in a ſeparate cell, 
within which each child had been lodged; and it was eaſy to 
ſerceive, by the ſtate of the funis, and that part of the pla- 
eenta to which it adhered, in which ſac the dead, and in which 
be living children had been contained. I examined the ſepta 
Wt the cells very carefully, but could not divide them as uſual 
nto diſtin& laminæ, nor determine which was chorion or 
which amnios. I could not prevail on the good women to- 
low me to carry it home, to be more narrowly inſpected; 
ad J ſubmitted more readily to their prejudice for its being 
burned, as its very ſoft texture ſeemed to me to render it hardly 
apable to bear injection. The two living children having ſur- 
Wed their birth but a ſhort time, I was allowed to carry them 


ume; and I have preſerved the whole five in ſpirits, and have 
| ſince 
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348 6 I Dr. GarTHSHORE's Remarks'on CS... 
fince weighed and meaſured them, and find their proportions 
to be as follows i in Avoirdupois weight, inches and parts. 


Oz, Dr. Inches. 
PI 


1 


The 2d —— putrid 3 | 1 TE 
The 3d — alive poſt 

The 4th putrid . „ bei 

The 5th 8 ge each, 


| rodu 
The mother, in ſpite of the crowds with which her cham- # th 
ber was continually filled, continued to recover, and was able exper 
to be out of bed on the 27th and 28th, her third and fourth days; ceptic 
but finding herſelf then weak, by my advice, kept her bed till the I feriil 
11th of May, when ſhe went out of doors, and on the 21ſt ¶ gety 
walked to Blackburn, two miles diſtant. This was the 27th WW in th 
day from her delivery, ſhe having entirely recovered har il 
ſtrength without any accident. It may not be improper to 
add, that the huſband of this woman has been in an infirm ſtate 
of health for three years paſt, and is now labouring under a 
confirmed 1. 


- e 1 am, & c. 


; Signed, JOHN HULL 
Blackburn, Lancaſhire, 1 5 gat 
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Obſervations on numerous Births, 


THOUGH the females of the human ſpecies produce 
moſt commonly but one child at a birth; and though | 
their formation with only two breaſts, and one nipple to 


produce 1 in general more than two; yet, from what we know 
of the womb and its appendages, and what from the lateſt 
experiments we are led to conjecture as to the mode of con- 
ception, we cannot preſume d priori to ſet limits to the 


fetuſes may be conceived and nouriſhed to a certain period 
in the human uterus at the ſame time. 


her W The preſent ſingular and well-atteſted caſe aſſures us, that 


1 to five have certainly been born at once, and we have no title 


[tate abſolutely to reject all the teſtimonies of even more numerous 
er a births, or to ſay that, in ſome rare inſtances, this number has 


never been exceeded. 


What has tended to render relations of this ſort ridiculous, 


and to throw a degree of diſcredit on the whole, is the many 
marvellous, and evidently abſurd and incredible hiſtories, which 
not only the retailers of prodigies, but even the credulous 
writers of medical obſervations, have collected. 
I need only refer thoſe, who with to amuſe themſelves with 
ſurpriſing relations of this kind, to the curious collections of 
SCHENK1Us, SCHURIGIUs, AMBROSE PAREY, and others. 


But, in order to ſhew how very uncommon births of this 


kind are, and how truly fingular the caſe communicated by 


015 | 
More 


ach, renders it- probable they were not originally intended to 


fertility of nature, nor determine deciſively what number of 


— 2 — 


Mr. HuLL to Dr. BLANE is, I take the liberty to ſubjoin a 
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ſhort view of the uſual courſe of nature in this matter among 

our own country-women, w where we are leaſt * to * 
deceived. | | 
Though female fertility certainly varies wceonling to the 
climate, ſituation, and manner of life; yet, I believe, it may 
be taken for a general rule, that where people live in the moſt 
fimple and natural ſtate, if they are the beſt nouriſhed, and if 
they enjoy the firmeſt health and ſtrength, they will there be 
the moſt fertile in healthy children; but we have no data to 
determine that they will there have the greateſt number at one 


At the Britiſh Win ie Hoſpital, where we have had 
; 18,300 delivered, the proportion of twins born has been only 
one in 91 births. In the Weſtminſter Diſpenſary, of 1897 
women delivered, the proportion of twins has been once in 
80 births; but in the Dublin Lying - in Hoſpital, where above 
21,000 have been delivered, they have had twins born « once 
every ixty-ſecond | time. The average of which i is ouce in 78 
births nearly, in theſe kingdoms. | 
The calculations made in Germany from great numbers, in 
various ſituations, ſtate twins as happening in a varied propor- 
tion from once every ſixty- fifth to once every ſeventieth time. 

But in a more accurate and later calculation made at Paris, 
by M. TENoN, Surgeon to the Salpetriere, we learn, that 
in 104, 591 births the proportion of twins was only one in 
96, which is only a ſmall degree leſs than we have calculated 
at the Britiſh Lying - in Hoſpital. _—_ — 

It would be eaſy to add other calculations, all differing from 
theſe and from one another, more or leſs; but I hope theſe are 
| ſufficient to ſhew that nature obſerves no certain rule in this 
matter; 


| 82225 —  35e 
matter; and that even twins, the moſt uſual variation, is not 
Ea very common occurrence. > 
When we advance to triplets, or th ree born at once, we. 
ind comparatively very few inſtances in this or any other 
country ; and though every one has heard of ſuch events ag 
now and then happening, yet very few have ſeen them. 
In all thoſe 18,300 women delivered at the Britiſh Lying-in 
Hoſpital, there has not been one ſuch caſe. In the London 
Lying-in Hoſpital, where, being inſtituted later, much fewer. 
have been delivered, they have had two ſuch recorded as 
prodigies. In the Weſtminſter Diſpenſary, i in 1897 women 
klivered, there has been but one ſuch event. 
In the Dublin Hoſpital, in 21,000 births, they have had criplets 
born thrice, or once in 7000 times, but have never exceeded 
that proportion or number, born at one time. 
In a pretty extenſive practice of above thirty years, both in the 
county of Rutland and in London, I have attended but one la- 
bour where three children were born; am perſonally acquainted = 
Ibut with one lady who, at Dumfries, in Scotland, after bearing 
twins twice, was delivered of three children at once; and I was 
dever acquainted with any one who produced a greater number. 
Vet ſo much does this matter vary at Edinburgh, that Dr. 
HaxnIL rox, Profeſſor of Midwifry, writes, he had ſeen trip- 
kts born there, five or ſix times in leſs than twenty-five years. 
MAuRICEAv, i in a long life of very extenſive practice at 
Paris, with opportunities of knowing moſt things extraordi- 
ary that happened in his time in France, tells us, he had ſeen 
tplets born but a few times; had heard of four in that city 
but once, and mentions no greater number. | 
One circumſtance which he relates is fo far worthy of atten- 
lon, as it accords with one ſomewhat ſimilar ſubjoinced to Mr. 
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Hvti's caſe now read, vis. 4 That the — of one of 
_ #* thoſe women who bore three children was by trade a pain - 
ter, and had been, for two years preceding this bieth, para. 
* lytie over one-half of his body, and yet had u reaſon to 
doubt the fidelity of his wife.“ 
| "Theſe facts, as far as they are to be 0 on may ſhew 
us, that the capacity of procreation in the male may remain 
under very infirm health; and that we ovght to judge with 
candour of ſuch wives as are fruitful when living with very 
ailing huſbands, and who produce healthy children in the 
eighth, or even ninth, month after their death; as we can 
never ſay determinately ' under what degree of diſeaſe the 
male is totally incapable | of procreation : more efpecially as we 
are very certain, that the female 15 not, when labouring under 
very deſperate, and certainly fatal, diſeaſes, Provided the prin- 
cipal organs of generation be ſound. Nay, in caſes of pulmo- 
nary phrhifis, the life of the female ſeems to be protraded 
by pregnancy ; and J have attended a lady, who, after being 
pronounced irrecoverably hectic, lived Tong enough to be twice 
delivered naturally of healthy children at the full time. 

But what particular circumftances of conſtitution, or \tits 
of health, can capacitate the male to become the father of 
more than one child at a birth, or how this could be effected, 
ſhould it be wiſhed, remains among thoſe fecrets of nature 
Which our want of facts and obſervations renders us whey 
Incapable to ſpeculate upon. 

It feems probable, and thefe two obſervations, as well i 
SPALLANZANI's, and other late experiments, would rather 
| zncline us to ſappoſe, that theſe numerous 'births do- depend 
moſt on the ſtructure and ſtate of the female organs; but 
| 6 1 nothing, 
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thing, that I know of, has ever been diſcovered in this obſcure 
matter. | 

The occurrence of four born at once we find to be ah 
more uncommon; and, I think, HALLER s conjecture rather than 
calculation of its happening once in 20,000 births, very much 
under-rated, as it appears that once in 100,000 would be 
much nearer the truth. Of this, however, we have ſeveral 
well authenticated caſes which have happened in this iſland, 
In the year 1674, there was publiſhed in London a quarto 
pamphlet, intituled, © The fruitful Wonder, or a ſtrange Re- 
„lation, from Kingſton upon Thames, of a Woman who, 
on Thurſday and Friday, the Fifth and Sixth Days of this 
« Inſtant March, 1673- 4, was delivered of Four Children at 
one Birth, viz. Three Sous and One Daughter, all born 
« alive, luſty Children, and perfect in every Part, which lived 
« Twenty-four Hours, and then died, all myeh about the 
« ame Time. with ſeveral other Examples of numerous 
« Births, from credible Hiſtorians, with the Phyſical and Aſtro- 
logical Reaſons for the ſame. By J. P. Student in Phyſic, 
Dr. PLor r. in his Hiſtery of Staffordſhire, p. 194. men- 
tions ELEAdox, the wife of Henry DIven, of Warlington, 
who was delivered of four children at a birth in the year 
1675. 
Sir Rog ER EIBBALD, in bis Scotia llluſtrata, as; men- 
tioning 2 caſe of three born at once, adds, - Imo in variig 
© regni locis repertæ ſunt mulieres quæ quatuor fetus uno 
* part ediderynt;” but makes no mention of more. 

In the Gentleman's Magazine, w led a pretty au- 
thentic record of the times, we We hp e accounts of 
numerous births. 
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mother has been married but four years, and has had twice twins 


were alive. 


7 ſtreet, Piccadilly, was delivered of two boys and two Sirls, all 


Glamorganſhire, was delivered of three boys and a girl. 


when ſhe was advanced to the middle of her laſt month of 
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ANN Borxrox, of Henſbridge, i in Somerſetſhire, was this 
* June 1, 1736, delivered of three daughters and one ſon; 
one of the daughters died, the reſt are likely to live. The 


before, which — the number of _— children at three 
births. 3 

October 3, 1743, at Rate, in Berkſhire, Joan Gaza 
WAY was delivered of two boys and two girls, three of whom 


In January, 1746, the wife of PLuMzs, a labouring man, iſ 
at Mill-Wimley, near Hitchin, Hertfordſhire, was — 
of three living boys and one dead. e 

Auguſt 22, 1746, the wife of WILLIAMS, of Coventry 


likely to live. 
June, 17 52, a woman in the pariſh of Tillicultrie, near 
Stirling, in Scotland, was delivered of four children, which 
were all mm, end and all died at the ſame time 
next morning. . 

In September, 27 57, A poor woman, of "WR "On 


Dr. HAMILTON before mentioned writes, that, not many 
years ago, a woman was delivered of four children, at Penny- 
cuick, the ſeat of Sir JohN CLarx, Bart. near Edinburgh, 


pregnancy, and that ſome of theſe children lived two or three 
years. He further ſays, that, five years ago, he attended a 
woman at Edinburgh, who, in the ſeventh month of her 
pregnancy, after a journey of thirty miles, was ſuddenly deli- 


vered of four children, all perfect and well grown for the time, 
of which one was born dead, and three alive; but thoſe three 
2 


died 


« _ 
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fied next day. He further adds, that theſe are the only caſes: 
of quadruplets, or auy larger number, he had ever heard of, 
3; born in Scotland, in his memory. 
ing Though caſes ſimilar to the preſent of five children born at 
aree once, are ſtill much more uncommon; and though HALLER' J 
fſertion of their not happening above once in a million of 
Lo- births, may be reckoned a very moderate calculation, yet we 
on If zce not altogether without ſuch, inſtances in this country, 
From the Gentleman's Magazine we learn, that on the oth 
an, W of October, 1736, a woman at a milk-cellar, in the Strand, 
red was delivered of three boys and two girls at one birth; and 


that in March, 1739, at Wells, in Somerſetſhire, a woman 


ry. was delivered of four ſons and a daughter, all alive, alk 
all N chriſtened, and all then ſeeming likely to live. 
in the Commercium Literarium Norimbergenſe for the year 
1131, we have two ſuch caſes; one happening in Upper 
Saxony, the other near Prague, in Bohemia; in each of which 


arived to that equal degree of maturity, which rendered it 
ry, Wl probable, they were all conceived about the ſame time. 


I learned from two foreign Profeſſors, when in London laſt 


winter, that they had each heard of a. caſe of five children 
born near Paris, and near Ghent in Flanders; but the particu- 
lars not being ſent as promiſed, I preſume they may have been. 
miſin formed. 

When we advance farther we get into the region of tradi- 
tion and improbability; and it would ill become me to trouble 
2 Society, whoſe profeſſed object is truth and ſcience, with. 
the numerous and wonderful relations which many grave and 
learned authors have recorded as facts they themſelves believed; 


Jet I ſtill think we have no authority to reject abſolutely every 
relation 
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five children were born. and chriſtened, all of whom were: 


— — 
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relation of this kind, when AMBROSE Panzy, a very Foc 
though credulous man, tells, that in his time, in the pariſh of 


Sceaux, * near Chambellay between Sarte and Maine, the mo- 
ther of the then living lord of the noble houſe of Mars. 
MEURE had, in the firſt year of her marriage, brought forth 
twins, in the ſecond triplets, in the third four, in the fourth 
five, and in the fifth year fix children at one birth, of which 
labour ſhe died ; and when he adds, that of theſe laft fix one is 
yet alive, and is now Lord of Maldemeure, how can we diſ. 
believe this circumſtance ? This ſtory may very poſſibly be in- 
accurately ſtated, yet the whole cannot be a fiction, as it was 
publiſhed among the very people, and in the age when it hap- 
pened, and never has been fince contradicted ſo far as we 


know. Though the wonderful regularity of the progreſs gives an 
appearance of fable to the whole, yet we muſt believe the l 
thing to be poſſible: and that this then exiſting lord might be but 
the only one of the fix who lived long enough to be born at wur 
the full time, in a mature ſtate; the whole, or moſt of the E 
6 


other five, as we have ſometimes ſeen i in Caſes of twins, hav- 
ing been born as dead abortions, which had never arrived to 
a bulk ſufficient to interfere with his growth. 

I leave the learned to pay what degree of credit they pleaſs 
to the wonderful relations we read of the extreme fertility of 
the women of Egypt, Arabia, and other warm countries, as 
recorded by ARISTOTLE, by PI. IN v, and by ALBUCAs1s, where 
three, four, five, and fix children are ſaid to have been fre- 
quently born at once, and the greateſt part of theſe reared'to 
maturity; and will only ſay, that though a late traveller M. 
SAVARY gives ample teſtimony of the extreme general ferti- 


my of yt: in all vegetable and animal productions, and par- 
ticularly 


geularly of its rod eee be mentions nothing of 
the numerous births recorded by * ancient naturaliſts: and 
hiſtorians. = 
Or ſtill more fruitful births 1 will wa over a number of in 
fances which I could adduce from Jon annss Ruopivs, Luc as 
SCEROECKIUS, CAS AR Bavnin, JoHanNnes HELVIGHUsS, Bians 
eat, and others, and finiſh with one caſe more, recorded by 
PETRUS BORELLI in his Second Century of Obſervations, pub» 
liſhed at Paris in the year 1656; a collection indeed filled with 
many wonderful ſtories, though by a man of equal i integrity 
and ingenuity: he tells us, that in the year 1650, juſt five 
years before, the lady of thethen preſent Lord Dart produced 
at one birth eight perfect children, which he owns was a very 
unuſual event in that country. 

I think it totally unneceſſary to purſue this enquiry farther 5: 

but muſt obſerve, that the preſent is the only caſe I have- | 
found, where the children were all females; that the males; 
have in all the other caſes been at leaſt equal, and generally 
the moſt numerous; that i in many of them, at leaſt a part was 
dead born; and that moſt commonly the reſt died in a ſhort 
time. It is thence clear, that thoſe numerous births are cer- 
tainly unfavourable to population, as very few indeed of thoſe 
children can be carried to near the full term of pregnancy, and 
| fewer ſtill to that degree of ſtrength. 1 that admits of their bag 
reared, where more than two are born at one time. 

As from Mr. Joun HunTeR's very curious Experiments and 
Obſervations, read lately to this Society,. on the Procreation of 
Swine, we are led to believe, that a certain determined number 
of ova, capable of receiving male impregnation, are originally 
formed in each ovarium; and which number, when exhauſted, 
the female conſtitution has no power to renew; if this be the 
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true account. of the economy of nature in this particule, 
which has every appearance of probability, thoſe numerous 
births muſt occaſion a very fruitleſs profuſion and waſte of the 
human race, and become every way detrimental to its increaſe, 
From the united teſtimony of all the foregoing caſes, it ig 
undeniably clear, that the females of the human ſpecies, 
though moſt commonly uniparous, are, in certain circumſtances 
to us unknown, every now and then capable of very far ex- 
ceeding their uſual number; and I muſt again repeat, that it 
does not appear that we can ſet any bounds to the powers of 
nature in that reſpect; or pretend, as ſome have done, with 
_ certainty to * what may be the utmoſt limits of human 
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XXV. | Chloranthu s, a new Genus of Plants, deſcribed by Olof 
Swartz, M. D. Communicated by Sir Joſeph Banks, Bart. 
P. R. S. 


Read June 21, 1787. 


A MONG the numberleſs vegetable produRtion that have 
appeared in the Royal Garden at Kew, is the preſent. 
it is already long fince this curious plant has been introduced 
there as a native of China, where, we are told, the ſame is cul- 
tivated in the Chineſe. gardens, though it ſeems not to have 
any qualities . _— or odoriferous, nor a beautiful 
zppearance. 
At the firſt ſight of the plant, hive is ſome likeneſs of Viſ- 
cum or Loranthus ; and conſidering the infloreſcentia, and the 
inſertion af the antheræ, we find no leſs analogy ; though on a 
nearer examination it 15 greatly different, and of a wy intricate 
conſtruction. ie mon ©: : 
The pains. I has taken to enucleate the family relation of 
this hitherto unknown vegetable, have induced me, for the 
lake of its ſingularity, to preſent it as a new genus, of which 
| think the following natural character may be the moſt proper: 
| Calyx nullus; ſed 
Squama ovata, acuta, concava, cui germen inſidens. 
Corolla monopetala, dimidiata, vel 
Petalum unicum, ſubrotundum, trilobum, convexum, 


lateri exteriori germinis inſertum, ſtaminiferum, deci- 
duum. 
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| Lobus intermedius cæteris major. ; Q 
Stam. Filamenta nulla. 1 
Antheræ quatuor, warginibus petali longitudinaliter ate 
cretæ, bivalves. 5 

Pip. Germen oblongum, vel obovatum Aerie, ſquama fere 
tectum, antice prominens, petaligerum. 

Stylus obliquus, craſſus, breviſſimus, angulatus. 
Stigmata tria, minutiſſima, erecta. 
Per. Bacca oblonga, mono] perma. 
Semen oblongum. 
From this generical deſeriprion the eſſential charadter | 13 
formed: 


- 


* 


ww. 


Calyx nullus. Fenk 5 
Or. Petalum trilobum lateri — — thr. ing 
Ant beræ petalo accretæ. Wire 198121 811 * 


Bacca monoſperma. 

This new genus is to be placed in Tetrandria e 
with flores incomplets, ſuperi, next after Acæna; and among 
the Ordines naturales I think it would beſt . its 3 in 
the XLVIII. & next after Vi ſeum. 
To diſtinguiſh this ſpecies from others, that may * diſco 
vered of the ſame genus, I have adopted the nomen triviale of 
Chloranthus inconſpicuus:: 

Its ſpecific deſcription is as follows: 

Planta herbacea. 
Caules plures ex radice, ſemipedales, patentes, ſuberecti, 
ramoſiuſculi, teretes, glabri. 
Rami oppoſiti, patentes, teretes, ſtriati, glabri. 
Folia petiolata, decuſſata, oppoſita, lanceolato-ovata, mar- 


gine ſerrata, nervoſa, venoſa, neee glaberrims, 
pallide viridia. 


Petiuli 


FN 1 4 . 1 % 

Petioli breviuſculi, ſaperne canaliculati, glabri. 
Stipule interpetiolares, utrinque denticulis duobus mi- 

nutis, membranacez, perſiſtentes. 

Flores paniculati. 
Panicula terminalis, erecta, ſimplex. 
Racemi (vel ſpice) oppoſiti, decuſſati, erectiuſculi, ſubfaſti- 

";, -- 

Flores oppoſiti, decuſſati, ſeſfiles, Sn minuti, mag - 
nitudine capitis aciculæ, ſubſucculenti, ex albido lutei. 

Pallen flavum. 
er 1s Stigmata albida. 
Bacca nigra, magnitudine piperis. 
I have not been able to find any deſcription or figure anſwer- 
ing to this plant in the works of the Eaſt-Indian naturaliſts, 
have only met with one Chineſe drawing, in the library of 
Sir JosrPH BAxks, Bart. P. R. S. among ſome others of their 
garden plants, that ſeems to repreſent the preſent. 
It is faid to be called Chu-Lan by the Chineſe ; but it ought 
not to be confounded with the Tsjiulang or Camunium Chi- 
BU nenſe of Rumphius (Herb. Amboin. 1. VII. cap. xv. and 
ifco- W Auctuarii ejuſd. cap. xLvII.), the deſcription of which ſeems 
eof il to correſpond in ſome parts with the Chloranthus : the f 
Bf fgure, however, on the eighteenth plate ſhews the plant of 
RUMPHIUS to be the Vitex pinpata of Linx us. 


fere 
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EXPLANATION OF THE" PLATE 
| The plant in natural ſize. l 
8 4. A part of a racemus with flowers, magnifedl. - 
5. A flower magnified, feparated from the racemus, con- 
taining the piſtillum, with the petalum inſerted on the ſide of 
the germen. N . 
' c. A petalum ſeparately, with its four anthers inſerted on 
the margins of the lobes. TN: 
d. The germen without the corolla. 3 
ec. The germen when i in wer, cut ebe, ſhewin 
the rudiment of the ſeed. e 
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F. The bacca, cut tran frerſely, with one room and ſeed, of 
natural ſize. enn 


g. The form of the ſeed. 
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HE true cauſe of the preceſſion of the equinoGtial 


it is confeſſed, that he has fallen into an error in his inveſtiga- 


tion of the effect. Without, however, entering into any enquiry . 
relative to the circumſtances in which he has erred, I propoſe to 
ſhew how we may obtain a true ſolution from his own principles, 


by means of which alone the whole calculation may be rendered 
extremely ſimple and evident: and although very ſatisfactory 
ſolutions have been already given, yet the importance of the 


problem will ſufficiently apologiſe for offering any thing fu r= 


ther upon the ſubje& that may at all tend to elucidate it. 
2. Let S (Tab. XV. fig. 1 ') be the ſun, ABDC the earth, T its 


center, EQ the equator, P, p, the poles ; draw CTB perpendi- 
cular to SAD, and join SE, which produce to meet CB in K. 
Call the radius 270 unity, and let the force of the ſun on a 


particle at T be — „then the force on a particle a Ea: 


. 3 
in the direction ET, and the other in the direction parallel to 


TS, we have SE : ST :: = the force in the direction parallel 
——- 
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points was firſt aſſigned by Sir Isa Ac Newron ; but 


haves, if we reſolve this latter force into two others, one 


13 og 214 * 


=p +2 IT , omitting the other terms of 


8 ſeries on account of theĩr ſmallneſs. Hence the foork 
with which a particle at at E is drawn from CB is equal to 


r ; conſequently the effet of this force in a direction per. 


be 3 ZEK x KT 


81 hence this force : 


pendicular to. ET will 


the 
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„KT: ST. Now if P=the 1 time of the earth, p= 


the periodic time of a body revolving at the earth's ſurface; 
then the force of the earth to the ſun: the force of the body 


to the earth, or the force of gravity, 2t F 5 * and hence the 


force of the fun on a particle at T :; 


torce of the ſun on a 2 » at E perpendicular to ET: the 


ä EK xKT 
force of gravity :: :. 


3. Let v be the center of gyration, and put M=the quan- 


tity of matter in the earth: then the effect of the inertia of M 
placed at v, to oppoſe the communication of motion, is the 
ſame as the effect of the inertia of the earth; and un by 
2M, 


the property of that center, ET* : TV (ET): 
which is the 3 of matter to be — at E to . the 
ſame effect. 
4. Put = the exceſs of ths quantivy: of matter in the 
earth above that of its inſcribed ſphere. Now by Sir Is AAC 
Nxwrex's two firſt lemmas, it appears, that the action of 
the ſun upon the ſhell m of matter, to generate an angular 
velocity about an axis perpendicular to CABD, is juſt the ſame 
as it would be to generate an angular velocity in a quantity of 
matter equal to : m placed at E. Let us therefore ſuppoſe the 
ſun's attraction, perpendicular to ET, to be exerted upon 4 

2 Ma quantity 


= — — =_ = D—_— _— — — r "E's 
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SEE. e whe Made 
derer Mitter at E equal LETS and 81 ele aw ae 


have a quantity of matter to move equal to 2 M, and then from 
this and art. 3. it appears, that the effect will be the fame as 
the accelerative ' force of the ſun to turn about the earth. 


Hence that accelerative force i. from art. 2. equal to 


IK xKT x ex far reg Xm 
A "2M xP*”. ory png unity. Now, 


E TE: TP::1: 17, then M M1 11 — ar, there- 
fore, M: :: 1: 27, hence 1, eee the accele- 


KxKT 
5 tive force = 5 * = 
C3 


dr if 5. Let's Z= the arc deſcribed by a point of the equator about 
he is axis in an indefinitely ſmall given time, which may there- 
fore repreſent its velocity; and let az repreſent the arc de- 
ſcribed in the fame time by x body revolving about the earth at 


its ſurface ; then T= fagitta of the. arc deſcribed. by the 


body in the He: time, and couſequently a the velocity 
generated by gravity whilſt a point of the equator deſcribes . 


Hence, by; art. 4. we. have 17 2 2 . r: 


pe 
EAR Rp X L * = the velocity of an point E of the equator 


generated by the action of the ſun, whilſt the equator deſcribes 


z about its axis; conſequently the ratio of theſe velocities i is as 


BK x KT xp* X&'z Dn 
E 5 8 . I. 


6. Let y be an arc deſcribed Ty the fan i in the A to a 
ndius equal to unity, whilſt a point of the equa Or deſcribes 5 
bout its axis; then (as ap the time of the earth's rotation, and 
the ares deſcribed in 8 times to equal radu are inverſely as the 


periodic times) . 


— :: 7: z=> ; hence, if v and w be put 


7 


for 


Ha for the fine and cal af the aas dec 
is velocities! in the faſt attic | 1 cores 
_ 7. Hence if TSL (bg. 2) he 
unity, P the plane of 195 ſun, 
ee 2 we " take E 0 (ed being e 5 
ei then will ST. 4 the pre | 
£ rims abe in deſeti ä 
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. 90 Ee 25 . ; hence 6 FY þ be. drawn perpendicular to 
| TE) 15 fne _ ge : 
fin. STV. or ESP : . 27 SV; 4 8 a2 Anon 


= fi SP x col. SP.. bu * — ES PC . 5 


307 Xeol. ESPX A Xx 


( y being now = to a quadrant) the arc of preceſſion whilſt the 
fun deſcribes go? of the ecliptic ; ; and to find the degrees ſay, 


« _ 
N * * 
han, Aa —— 4 * 1 — 
— . * 8 * Sa. * 8 5 
* * . of . & * . X 
x 3 — . . * 
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of the ſun, if the earth were of an uniform denſity, and the ratio 


a 
SER the equator, 7 PE the ſan; a 


G 


n. and through 4, E, deſcribe the 


© ® 


eſſion of the equinox * aring the 
f in the TENN: Now Ed (or Eo, as 
nall) *: {det rad. r: fine 
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8. Now! 5. ca. St/ "7 Y wall — hence 


fin, ESP col. ES? 


I hence f 


5 A 22 t os fin, ve 


Wy 23; 
23 1 p * 
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fin, Sp x coſ. SP ns ESP. 1.— SP* x col. ESP . 
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n ES x tan, ES cor. SP | "i + erer, Js 
2 *: mn. Sp* x cof. ESP X = 6 =. S5) 


N * 
, whoſe fluent, when * 3 is /30þ7 x of ESP x 
PX VII 755 7 — * 
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IP 22 ESPXy, 60 5 2 ESP 
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the preceſſion Inayear= = 360® 22 5 ESP "© 6”. This 
8 
would be the preceſſion of the equinox aug f. N attraction 
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Fig the Aameters as 229 : 2303 but if the greateſt nuta- 
tion of the earth's axis be rightty aſcertained, the preceſſion 
is only about 14/7; 
py what is deduced from obſervation -muſt ariſe either 
from the fluidity of the earth's ſurface, an increaſe of den- 
ity towards the center, or the ratio of the diameters being 
different from what is here aſſumed, or probably from all the 


or two ſeconds 1n the nutation will, in this caſe, make a very 
conſiderable alteration in the concluſion, the eſtimation of the 


to a very conſiderable degree of uncertainty. 
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which difference between the theory 


cauſes-conjointly, ' But as the beſt obſervations muſt be liable 
to ſome ſmall degree of inaccuracy, and an error of one 


preceſſion arifing from the action of the ſun ſeems to be * 
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ter, and Rain at Lyndon in Rutland, in 1786. By Thomas 

-» 48 Barker, EG. A'ſo of the Rain at Sooth-Lambeth, in Surrey; 
and at Selbourm and F yfield, Hampſhire. Communicated by 
Thomas White, Eli. F.R.S. | 
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12 Inches [Inches. 
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0 . Binntn's Regiſer, Kt. 36g 
The froſts at che end of 1785 and W of 1786 were 
ſevere, but not long, with large ſnows the end of December 
and middle of January. The intervals were wet in January 
and windy, but mild in February. At this time ſome far- 
mers ſowed a little barley, which, after lying a great while in 
the ground during the following froſt, came up well at laſt, 
was forward, and proſpered. The end of February and begin- 
ning of March was the longeſt froſt this winter, being a full 
fortnight, and the wind being ſtrong from the eaſt, and no ſnow 
at firſt, and when things were getting forward, it did more 
hurt than all the froſts this winter; and the winds continued 
much N. E. and frequently froſty the reſt of the month. The 
| ſeed time was good, but rather backward, and the- weather in 

general dry in February, March, and April, the wind often 
VN. E. and the ſeaſon backward, yet not fo many froſty nights 
as in ſome late ſprings, and the latter half of April mild and 
growing. After ſome froſty mornings the beginning of May 
it was in generaſ a growing month, and a fine rain before the 
middle made plenty of graſs; and the latter end of May, and 
moſt part of June and July, being fine and moderately hot, 
TI think; I never knew ſo much hay fo well got in any year 
before, which- was of great ſervice, as there was ſcarce any 
* old left. The firſt ſown turneps ſtood very well; but the 
dryneſs of the ſeaſon hindered the latter ſown from coming up” 
well till Auguſt, and many were ſmall ; and the ſeaſon was drier, 
and the ground more burnt, in the north of England than here. 
The laſt day of July began a cool, ſhowery ſeaſon, which 
much improved the graſs and turneps, but hindered the begin- 
ning of harveſt, which, however, was afterward well; gotten. 
The crop of barley this year was great, the wheat good, oats: 
indifferent : but a great part.of the beans never came up well ; 
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22 whether canis the fred vf was 1 gotten 5 year; or becauſt X 


froſty March after they were ſown ſpoiled them. I think! 
| ſearce ever knew more north winds in ſummer, or more eaſt 
winds in October or November, than this year. From Avguſt 
to December there was a great deal of rain by fits, particularly 
the middle of Auguſt, about Michaelmas, the 6th to the 12th 
of October, the third week in November, and firſt half of 
December; yet with intervals of fair fine weather between. 
It was much windy, and ſome great ſtorms en September 14, 


remarkable, and with little of either rain or ſnow. 


Since I ſaw that corona about the Moon, mentioned i in Phi- 
i lolphical Tranſactions, Vol. LXXIII. P- 245. I have fome 


few times ſeen a very faint appearance of it, and made the 
following remarks about it. The common bright eirele round 
the moon, bounded by a yellowiſh red, is of much larger dia- 
meter, more diffuſed, and fainter, when the air is warm and 


the clouds milty ; ; but no corona then appears. The time to 


expect it is in a froſt, or when inclined to it, the clouds better 
defined and white; that firſt cirele is then much leſs in dia- 


meter and brighter. It was remarkably fo when the corona 


appeared November 17, 1782: and it has always been ſo in 
ſome meaſure, whenever there has been any tendency to 1t 
/ fince. 


* 


N 
* 
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October 8, and December 14. The N E. winds in October and 
November brought on cold weather early; and the accounts 
from the northern countries complained of a ſevere beginning 
of winter, almoſt ſhutting up the Baltie before the uſual time; 
but the reſt of the winter proved very different. After the 
rains in the former part of December, the year ended froſty, 
and to Chriſtmas as ſharp as any this winter; but no my 


XVIII. Obſervations.on the Strufture and Occonomy of Whales. 
By John Hunter, Eq. F. R. S.; communicated ” Sir Joſeph 
Banks, Bart, Fe. ©. S. 


Read June 28, 1787. 


"HE animals which inhabit the ſea are much leſs 
| known to us than thoſe found upon land; and the 
economy” of thoſe with which we are beſt acquainted is 
much leſs underſtood: we are, therefore, too often obliged to 
reaſon from analogy where information fails; which muſt 
probably ever continue to be the caſe, from our unfitneſs to 


purſue our reſearches in the unfathomable waters. 


This unfitneſs does not ariſe from that part of our economy 
on which life and its functions depend; for the tribe of ani- 


mals which is to be the ſubje& of this Paper, has, in that 


rſpe&, the fame cxconomy as man, but from a difference in 
the mechaniſm by which our progreſſive motion is produced. 

The anatomy of the larger marine animals, when they are 
procured in a proper ſtate, can be as well aſcertained as that of 
my others; dead ſtructure being readily inveſtigated. But even 
ſuch opportunities too ſeldom occur, becauſe thoſe animals are 
mly to be found in diſtant ſeas, which no one explores 1 in pur- 
uit of natural hiſtory ;. neither can they be brought to us alive 
from thence, which prevents our receiving their bodies in a 

ſtate 
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ſtate fit for diſſection. As they cannot lire in air, we arg 
unable to procure them alive. ! 
Some of theſe aquatic animals yielding ſubſtances which 
have become articles. of traffic, and. in quantity ſufficient to 
render them valuable as objects of profit, are ſought after for 
that purpoſe ; ; but gain being the primary view, the reſearches 
of the Naturaliſt are only conſidered as ſecondary points, if I nl, [ 
conſidered at all. At the beſt, our opportunities of Examining 
ſuch animals do not often occur till the parts are in ſuch a 
ſtate as to defeat the purpoſes of accurate enquiry, and even 
theſe occaſions are ſo rare as to prevent our being able to ſup. 
ply, by a ſecond diſſection, what was deficient in a firſt. The. 
parts of ſuch animals being formed on fo large a feale, i is ano- 
ther cauſe which prevents any great degree of accuracy in their 
examination; more eſpecially when it is conſidered, how very 
inconvenient for accurate diſſections are barges, open fields, 


and ſuch Places as as are fit to receive animals, or parts, of ſuch | 

= vaſt bulk. | lowe 
As the opportunities * PATSY the anatomical 4 the 

ture of large marine animals are generally accidental, I have I Dal 


availed myſelf, as much as poſſible, of all that have occurred; 
and, anxious to get more extenſive information, engaged a Sur- 
Y geon, at a conſiderable expence, to make a voyage to Greenland, 
in one of the ſhips employed i in the whale fiſhery, and fur- 
niſhed- him with ſuch neceſſaries as 1 thought might be requi- 
ſite for examining and preſerving the more intereſting parts, 


and with inſtructions for making general obſervatious; but the Phy 
only return I received for this expence was a Piece of whale's nod 
ſkin, with ſome ſmall animals ſticking upon it, From the uſp 


opportuaities which I have had of examining different animals 


of this order, I have gained a tolerably accurate idea of the 
. anatomical 


4 4.44 o 
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matornical ſtructure of ſome genera, and ſuch a knowledge of 
the ſtructure of particular parts of ſome others, as to enable 
me to aſcertain the principles of their ceconomy. 


he following: 
ral, both male and female. 


twenty-four feet long, the belly of a white colour, which termi- 
nated at once, the ſides and back being black; the other (Tab. 

XVII. ) about eighteen feet long, the belly white, but leſs ſo than 
in the former, ou ſhaded off into the dark colour of the back. 

Of the Delphinus Delphis, or Bottle-noſe Whale (Tab. 
XVIII.) I had one ſent to me by Mr. Jexxes, Surgeon, at 
Berkeley. 
[ds, twenty-one feet long, reſembling this laſt in the ſhape of the 
ach head, but of a different genus, having only two teeth in the 


lower jaw (Tab. XIX.); the belly was white, ſhaded off into 
the dark colour of the back. This ſpecies 1 1s deſcribed by 


DALE, in his Antiquities of Harwich. The one which I 
examined muſt have been young; for I have a {kull of the 
ſame kind, nearly three times as large, which muſt have be- 
longed to an animal thirty or forty feet long. 

Of the Balæna roſtrata of FABRICIUS, I had one, ſeven· 
teen feet long (Tab. XX.) . 


Phyſeter Macrocephalus, or Spermaceti Whale, and the Mo- 


iuſpection. Some of theſe I have had opportunities of exa- 


mining with accuracy; while others I have only examined in 
part, 


| | Strubture. i ee Whales. " 3 | 


Thoſe which I have had opportunities of examining 1 were 
Of the Delphinus ene or n I have "od ſere- 


Of the Grampus I have had two; one of them (T ab. XVI ) 
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It was about eleven feet long. I haye alſo had one 


The Balzna 18 or r large Whalebone Whale, the 


nodon Monoceros, or Narwhale, have alſo fallen under my 
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part, the animals having been too long kept before I Procured 
them, to admit of more than a very ſuperficial inſpection. 
From theſe circumſtances it will be readily ſuppoſed, that an 
accurate deſcription of all the different ſpecies is not to be ex. 
pected; but having acquired a general knowledge of the whole 
tribe, from the different ſpecies which have come under my 
examination, I have been enabled to form a tolerable idea, even 
of parts which 1 have only had the opportunity of ſeeing in a 
very curfory way. 
| _ General obſervation would lead us to believe, that the whole of 
this tribe conſtitutes. one order of animals, which Naturaliſt 
have ſubdivided into genera and ſpecies ; but a deficiency in the 
knowledge of their economy has prevented them from making 
theſe vious with ſufficient accuracy; and this is not ſur- 
priſing, fince the genera and ſpecies are ſtill in ſome meaſure 
undetermined even in animals with which we are better 
acquainted. | 
The animals of this order are in fize the largeſt known, and 
probably, therefore, the feweſt in number of all that live in 
water. Size, I believe, in thoſe animals who feed upon others, 
is in an inverſe proportion to the number of the ſmaller; but, 
delieve, this tribe varies more in that reſpect than any we know, 
viewing it fram the Whalebone Whale, which is ſeventy or 
eighty feet long, to the Porpoiſe that is five or ſix: however, 
if they differ as much among themſelves as the Salmon does 
from the Sprat, there is not that comparative difference in ſize 
that would at firſt appear. The Whalebone Whale is, I be- 
lieve, the largeſt ; the Spermaceti Whale the next in ſize (the 
one which I examined, although not full grown, was about 


fixty feet long).; the Grampus, which is an extenſive genus, is my 
uy 
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probably from twenty, to fifty feet long; under this denomi- 
nation there is a number of ſpecies. 
From my want of knowledge of the different genera of this 
tribe of animals, an incorrectneſs in the application of the 
anatomical account to the proper genus may be the conſe- 
quence ; for when they are of a certain fize, they are brought 
to us as Porpoiſes ; when larger, they are called Grampus, or 
Fin-fiſh. A tolerably correct anatomical deſcription of each 
ſpecies, with an accurate Drawing of the external form, 
would lead us to a knowledge of the different genera, and 
the ſpecies in each; and, in order to forward fo uſeful a work, 
I propoſe, at ſome future period, to lay before the Society 
deſcriptions and drawings of thoſe which have come under my 
own obſervation. 
From ſome circumſtances in their digeſtive organs we 
ſhould be led to ſuppole, that they were nearly allied to each 
other ; and that there was not the ſame ty, k in aus reſpect, 
as in land auimals. 
In the deſcription of this order of animals, I ſhall always 
keep in view their analogy to land animals, and to ſuch as occa- | 
 fonally inhabit the water, as white Bears, Seals, Manatees, 
&c. with the differences that occur. This mode of referring 
them to other animals, better known, will aſſiſt the mind in 
underſtanding the preſent ſubject. It is not, however, intended in 
this Paper to give a particular account of the ſtructure of all 
the animals of this order, which I have had an opportunity of 
examining: I propoſe, at preſent, chiefly to confine myſelf to 
general principles, giving the great outlines as far as I am 
zequainted with them, minuteneſs being only neceſſary in the 
inveſtigation of particular parts. 


VoL. LXXVII. | — — 3 


SO — As — —— — — 4. a * — — „„ 4M 44 —— 2 2 r. 
R _ * * n 


9 "I. Ho r 's Obſervations on the 
a 74 account 1 ſhall pay ſome attention to the relations of 
men who have given facts without knowing their cauſes, when. 
ever I find that ſuch facts can be explained upon true principles 
of the animal economy, but no further. 
This order of animals has nothing peculiar to fiſh, except 
living in the ſame element, and being endowed with the 
ſame powers of progreſſive motion as thoſe fiſh that are 


intended to move with a conſiderable velocity: for I be- 
heve, that all that come to the ſurface of the water (which da 
this order of animals muſt do) have conſiderable progreffive I . 
motion 3 ; and this reaſoning we may apply to birds ; for thoſe * 
n, 
ö which ſoar very high have the greateſt progreſſive motion. 8 
Although inhabitants of the waters, they belong to the Ew 
ſame claſs as quadrupeds, breathing air, being furniſhed with A 

tungs, and all the other parts peculiar to the ceconomy of that 
mo 
claſs, and having warm blood; for we may make this general 1 
remark, that 1 in the different claſſes of animals there is never FIR 
any mixture of thoſe parts which are eſſential to life, nor in 3 
their different modes of ſenſation. 
IT ſhall divide what 15 called the ceconomy of an animal, Fg 
firſt, into thoſe parts and actions which reſpect its internal 1 
functions, and on which life immediately depends, as growth, vi 
waſte, repair, ſhifting or changing of parts, &c. the organs dh 
- of reſpiration and ſecretion, in - which we may include the 5 


powers of propagating the ſpecies. 
Secondly, into thoſe parts and actions which reſpect external . 


objects, and which are variouſly conſtructed, according to 1 
the kind of matter with which they are to be connected, 1 
whence they vary more than thoſe of the firſt divifion. ” 
Theſe are the parts for progreſſive motion, the organs of ſenſe 5 


and 
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and the organs of digeſtion ; all which either act, or are acted | 
vpon, by external matter. 

This variation from external e 1 in many inſtances in- 
fluences the ſhape of the whole, or particular parts, even 
giving a peculiar form to ſome which belong to the firſt order 
of actions, as the heart, which in this tribe, in the Seal, Otter, 
&c. is flattened, becauſe the cheſt is flattened for the purpoſe 
of ſwimming. The contents of the abdomen are not only 
adapted to the external form; but their direction in the cavity 
is, in ſome inſtances, regulated by it. The anterior extremity, or 
fin, although formed of diſtin& parts, in ſome degree ſimilar 
to the anterior extremities of ſome quadrupeds, being com- 
poſed of ſimilar bones placed nearly 1 in the ſame manner, yet 
are ſo formed and arranged as to fit them for Progreſſive 
motion in the water only. 

The external form of this order of animals i is ſuch as 
fits them for dividing the water in progreſſive motion, and 
gives them power to produce that motion in the ſame manner 
as thoſe fiſh which move with a conſiderable velocity. On 
account of their inhabiting the water, their external form is 
more uniform than in animals of the ſame claſs which live 
upon land, the ſurface of the earth on which the progreſſive 
motion of the quadruped is to be performed being various and 
irregular, while the water is always the ſame. | 

The form of the head or anterior part of this order of animals . 


nal 

5 is commonly a cone, or an inclined plane, except in the Sperma- 
| ceti Whale, in which it terminates in a blunt ſurface. This form - 
e 

of head increaſes the ſurface of contact to the ſame volume of 

on. 

0 water which it removes, leſſens the preflure, and is better 
n 


= calculated to bear the reſiſtance of the water through which 
the animal is to paſs; probably, on this account, the head 
Nd is 
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is larger than in quadrupeds, having more the propot. 
tion obſerved in fiſh, and ſwelling out laterally at the 
- articulation of the lower jaw: this may probably be for 
the better catching their prey, as they have no motion of. 
the head on the body ; and this diſtance between the arti. 
culations of the jaw is ſomewhat ſimilar to the Swallow, 
Goat: ſucker, Bat, &c. which may alſo be accounted for, 
from their catching their food in the ſame manner as fiſh; and 
this is rendered ſtill more probable, fince the form of the 
mouth varies according as they have or have not teeth. There 
zs, however, in the Whale tribe more variety in the form of the 
head than of any other part, as in the Whalebone, Bottle. 
. noſe, and Spermaceti Whales ; though in this laſt it appears 
to owe its ſhape, in ſome ſort, to the vaſt quantity of ſpermaceti 
lodged there, and not to be formed merely for the catching of its 
prey. From the mode of their progreſſive motion, they have 
not the connection between the head and body, that is called 
the neck, as that would have produced an inequality: inconve- 
nient to progreſſive motion. : 
The body behind the fins or ae diminiſhes gradually 
to the ſpreading of the tail; but the part beyond the open- 
ing of the anus is to be conſidered as tail, although to ap- 
pearance it is a continuation of the body. 1 he body itſelf is 
flattened laterally; ; and, I believe, the back is much ſharper 
than the belly. „% 
The projecting part, or tail, contains the power that pro- 
duces progreſſive motion, and moves the broad termination, 
the motien of which is ſimilar to that of an oar in ſculling 2 
boat; it ſuperſedes the neceſſity of poſterior extremities, and 
allows of the proper ſhape for ſwimming ; that the form may 
de preſerved as ———_ as poſſible, we find that all the projectiug 
6. parts, 
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parts, found in land animals of the ſame claſs, are either in- 
tirely wanting, as the external ear; are placed internally, as 
the teſticles; or are ſpread along under the ſkin, as the 
udder. 

The tail is flattened horizontally, which is contrary to 
that of fiſh, this poſition of tail giving the direction to the ani- 
mal in the progreſſive motion of the body. I ſhall riot purſue 
this circumſtance further than to apply it to thoſe purpoſes in 


| the animal œconomy, for which this particular direction is 


intended. 1 
The two lateral fins, which are analogous to- the anterior” 


extremities in the quadruped, are commonly ſmall, varying 


however in ſize, and ſeem to ſerve as a kind of oars. 
To aſcertain the uſe of the iin on the back is probably not 
ſo eaſy, as the large Whalebone and Spermaceti Whales have it” 


not; one ſhould otherwiſe conceive it intended to preſerve the 


animal from turning. 
I believe, like moſt animals, they are of a lighter colour on 
their belly than on their back : in ſome they are iutirely white 


on the belly; aud this white colour begins by a- regular deter- 


mined line, as in the Grampus, Piked Whale, &c.: in others,. 
the white on the b-lly is gradually ſhaded into the dark colour 
of the back, as in the Porpoiſe. J have been informed, that ſome 


of them are pied u pwards and downwards, or have the diviſions 


of colour in a coutrary direction 
The element in which they live renders certain parts which 
are of importance in other animals uſeleſs in them, gives to 
ſome parts a different action, and renders others of leſs account. 
The puncta lachrymalia with the appendages, as the fac and: 
duct, are in them unueceſſary; and the ſecretion from the lachry- 


mal gland is not water, but mucus, as it alſo is in the Turtle; 
and. 


* r 


* K p 3 2 r 28 , * 
N 0 + o ö kts — my. . 8 A 5 ak _ K : 
ST . 
* k Pa. L. bY . 3 : * y 7 5 "WM C - af vip + ö > 2 7 . * ; 6 N * " 4 ** q * 4 — K R "0 
: * 12 7 ** — * . * 4 * * * * , 3 * * * * 
9 ” , * * 2 
. | Te 


3 * 


Ib. Townes" $ Obferdations on "1 


and we may ſuppoſe _" in ſmall quantity, the gland al 
being ſmall. 

The urinary bladder i is ſmaiter than in e and in- 
deed there is not any We reaſon why Whales ſhould have 
one at all. 

The tongue is flat, and but little projecting, as they neither 


the food between the teeth for the purpoſe of maſtication, or 
deglutition, being nearly fimilar to fiſh in this reſpect, as well 
as in their prog reſſive motion. 
In ſome particulars they differ as much from ene another as 
any two genera of quadrupeds I am acquainted with. 
The larynx, ſize of trachea, and number of ribs, differ 
exceedingly. The cæcum is only found in ſome of them. 
The teeth in ſome are wanting. The blow-holes are two in 
number in many, in others only one. The whalebone and 
ſpermaceti are peculiar to particular genera: all which conſti- 
tute great variations. In other reſpects we find an uniformity, 
which would appear to be independent of their living and 
moving only in the water, as in the ſtomach, liver, parts of 
generation of both texes, and in the kidneys: 1 in theſe laſt 


tion, although it is extended to other animals, the cauſe of 
which I do not underſtand. 

All animals have, I believe, a ſmell peculiar to themſelves: 

how far this is connected with the other diſtinctions, I do not 


accuracy. 
The ſmell of animals of this tribe is the ſame with that of 
the Seal, but not ſo ſtrong, a kind of ſour ſmell, which the 
5 5 NT Seal 


| have voice, nor require much action of this part, in applying 


however, [ believe, it depends 1 in ſome degree upon their ſitua- 


know, our organs not being able to diſtinguiſh with ſufficient 


—_ - 4 An pe 


The obſervations reſpecting the weight of the fleſh of ani= 
mals that ſwim, which I publiſhed in my obſervations on the 
economy of certain parts of animals, are applicable to theſe 


alſo; for the fleſh in this tribe is rather heavier than beef; two 


portions of muſcle of the fame ſhape, one from the pſoas muſcle 


of the Whale, the other of an ox, when weighed in air, were 


both exactly 502 grains; but, weighed in water, the portion of 
the Whale was four grains heavier than the other. It is pro- 
bable, therefore, that the neceſſary equilibrium between the 

water and the animal is produced by the oil, in addition to 
which the principal action of the tail is ſuch as tends either 
to raiſe them, or keep them ſuſpended in the water, according 


to the degree of force with which it acts. 


From the tail being horizontal, the motion of the animal, 
when impelled by it, is up and down: two advantages are 
gained by this, it gives the neceſſary opportunity of breathing, 
and elevates them in the water; for every motion of the tail 
tends, as I ſaid before, to raiſe the animal: and that this may 
be effected, the greateſt motion of the tail is downwards, thoſe 


| muſcles being very large, making two ridges in the abdomen ;. 
this motion of the tail raiſes the anterior extremity, which 


j trays tends to. > Keep the body ſuſpended in the water. 


Of the Bones. 
The bones alone, in many animals, when properly united. 
into what is called the ſkeleton, give the general ſhape and 


character of the animal. Thus a quadruped is diſtinguithed. 
from a bird, and even one quadruped from another, it only 


requiring, 


Senden and ba of Whates, Y "i " 
o has while alive; the oil has the ſame ſmell with that | 
of the Salmon, Herring, Sprat, &c. 
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1 4 tkin to "ds thrown over r the ſkeleton to make the 


ſpecies known; but this is hot {6 decidedly the caſe with this 


order of animals, for the ſkeleton i in them does not give us the 
true ſhape. An immenſe head, a ſmall neck, few-rils, and 
in many a ſhort ſternum, and no pelvis, with a long ſpine, 


terminating in a point, require more than a ſkin being laid 


over them to give the > ogy and charaQeriſtic form of the 
animal. 5 


ſhape of a fin, the form of which depends wholly upon its 


covering. The different parts of the f ſkeleton, are ſo incloſed, 
ahd the ſpaces between the projecting parts are ſo filled up, as 


to be altogether concealed, giving the animal externally an 


its chryſalis coat. 
The bones of the head are in general ſo large, as to render 


the cavity which contains the brain but a ſmall part of the 
whole; while, in the human ſpecies, and in birds, this cavity 
conſtitutes the principal bulk of the head. This is, perhaps, 
moſt remarkable in the Spermaceti Whale; for on a general 
view of the bones of the head, it is impoſſible to determine 
where the cavity of the ſkull lies, till led to it by the foramen 


magnum occipitale. The ſame remark is applicable to the 


where the brain is larger in proportion to the ſize of the ani- 
mal, the ſkull makes the principal part of the head. 

Some of the bones in one genus differ from thoſe of ano- 
ther. The lower jaw is an inſtance of this. In the Sperma- 


the lower 3 jaws, eſpecially at the poſterior ends, reſemble cach 
other ; , 


The bones of the anterior extremity give no idea of the 


uniform and elegant form, reſembling ar an inſect enveloped in 


large Whalebone and Bottle-noſe Whale; but in the Porpoiſe, 


ceti and Bottle-nofe Whales, the Grampus, and the Porpoiſe, 


res but in boch the large and Gm. Whalebons Whale, | 
| the ſhape differs confiderably. The number of ſons . 
cular bones varies likewiſe very much. ; 
The Piked Whale has ſeven vertebræ in the neck: 8 
which may be reckoned to the back, and twenty-ſeven to the 
tail, making forty-fix in the whole. 

In the porpoiſe there are five cervical vertebræ, and one com- 
mon to the neck and back, fourteen proper to the back, and 30 
to the tail, making i in the whole fifty-one. 

The ſmall Bottle-noſe Whale, caught near D in 
the number of cervical vertebræ reſembled the Porpoiſe; it had 
ſeventeen in the back, and thirty - en 1 in the tail, in all 
fxty. 
In the Porpoiſe, fone of the vertebra of the neck are an- 
chyloſed; and m every animal of this order, which I have 
examined, the atlas is by much the thickeſt, and ſeems to be 
made up of two joined together, for the ſecond cervical nerve 

cafes through a foramen in this vertebra. There is no arti- 
culation for rotatory motion between the firſt and ſecond ver- 
tebræ of the neck. 
The ſmall Bottle- noſe Whale bad eighteen ribs on each fide, 
che Porpoiſe fixteen. The ends of the ribs that have two arti- 
culations, in the whole of this tribe, I believe, are articulated 
with the body of the vertebrz above, and with the tranſverſe 
| proceſſes below, by the angles; ſo that there is one vertebra com- 
mon to the neck and back. In the large Whalebone Whale 
the firſt rib is bifurcated, and —— articulated to two 
vertebræ. 

The ſternum is very flat in the Piked Whale; it is only 
one very ſhort bone; and in the Forpoiſe it is a good deal 
longer. In the ſmall Bottle-noſe it is compoſed of three 
Vor, LXXVII. : i bones, 


; "Us is of ne he hy 10 2b Piked Whale the firſt 
nb, and in the Porpoiſe the three fiſt, are anticulated * the 
ſternum. . ' 

As a contraction, correſponding t to the ! in — 
would have been improper in this order of animals, the verte- 
bræ of the neck are thin, to make the diſtance between the 
head and ſhoulders as ſhort as poſſible, and in the ſmall Bottle. 
noſe Whale are only fix in number. 

The ſtructure of the bones is ſimilar to that of the bones of 

quadrupeds ; they are compoſed of an animal ſubſtance, and 
an earth that is not animal: theſe ſeem only to be mechani- 
cally mixed, or rather the earth thrown into the interſtices of 
the animal part. In the bones of fiſhes this does not ſeem to be 
the caſe, the earth in many fiſh being ſo united with the ani - 
mal part, as to render the whole tranſparent, which is not the 
caſe when the animal part is removed by ſteeping the bone in 
cauſtic alkali: nor is the animal part ſo tranſparent when 
deprived of the earth. The bones are leſs compact than 
thoſe of quadrupeds that are ſimilar to them. 

Their form ſomewhat reſembles what takes place i in the 
quadruped, at leaſt in thoſe whoſe uſes are fimilar, as the 
vertebræ, ribs, and bones of the anterior extremities have 
their articulations in part alike, although not in all of them. 

The articulation of the lower jaw, of the carpus, metacarpus, 
and fingers, are exceptions. The articulation of the lower 


fin 
jaw is not by ſimple contact either ſingle or double, joined by 
a capſular ligament, as in the quadruped ; but by a very thick for 
intermediate ſubſtance of the ligamentous kind, ſo interwoven on 
that its parts move on each other, in the interſtices of which is ur 


an oil. This thick matted ſubſtance may anſwer the ſame 
purpoſe as the double joint in the quadruped. 
- The 


different; in the fore-finger there are five bones, in the middle 


bling that of moſt quadrupeds, perhaps more like that of the 
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and metacarpus, in which laſt may be included the fingers, 
becauſe the number of bones are thoſe which might be called 
fingers, although they are not ſeparated, but included in one 
general covering with the metacarpus. They have nothing 
analogous to the thumb, and the number of bones in each is 


and ring-finger ſeven, and in the little finger four. The arti- 
culation of the carpus, metacarpus, and fingers, is different 
from that of the quadruped, not being by capſular ligament, 
but by intermediate cartilages connected to each bone. Theſe 
cartilages between the different bones of the fingers are of con- 


ſſderable length, being nearly equal to one-half of that of the 


bone; and this conſtruction of the parts gives firmneſs, with 
ſome degree of pliability, to the whole. J 
As this order of animals cannot be ſaid to have a pelvis, 
they of courſe have no os ſacrum, and therefore the vertebræe 
are continued on to the end of the tail; but with no diſtinction 
between thoſe of the loins and tail. But as thoſe vertebræ 
alone would not have had ſufficient ſurface to give riſe to the 
muſcles requiſite to the motion of the tail, there are bones 
added to the fore- part of ſome of the firſt vertebræ of the tail, 


ſimilar to the ſpinal proceſſes on the poſterior ſurface. 


From all theſe obſervations we may infer, that the ſtructure, 
formation; arrangement, and the union of the bones, which 
compoſe the forms of parts in this order of animals, are much 


upon the ſame principle as in quadrupeds. 
The fleth or muſcles of this order of animals is red, reſem- 


1 Bull 


| es fitis ——— the anter "i 
quadruped, and are alſo ſomewhat ſimilar in conſtruction. A 
fin is compoſed of a ſeapula, os humeri, ulna, radius, carpus, 


By lor Horſe — ed: Seer 5 very firm; 


and about the breaſt and belly it is mixed with tendon, . 
— the body and tail is compoſed of a feries of ea cons 
nected together and moved as in fiſh, yet it has its movements 
produced by long muſcles, with long tendons, which renders the 
body thicker, while'the tail at 1ts ſtem is ſmaller than that of 
any other ſwimmer, whole principal motion is the ſame, Why 
this mode of applying the moving powers ſhould not have 
been uſed in fiſh, is probably not ſo eaſily anſwered ; but in 
fiſh the muſcles of the d body are of nearly the ſame len gth as 
the vertebre. 
The depreſſor b of tke tail, which are „br in fitua- 
tion to the pſoz, make two very large ridges on the lower part 


of the cavity of the belly, riſing much higher than the _ 


and the lower part of the aorta paſſes between. them. 25 
Theſe two large muſcles, inſtead of being inſerted into two 
extremities as in the quadruped, go to the tail, which may be 


conſidered in this order of animals as the two poſterior extre - 


mities united 1 into one. 


fibrous ſtructure, become as uniform in texture as clay. or 
dough, and even ſofter. This change is not from based, 
as they continue to be free from any offenſive ſmell, and is moſt 
remarkable in the * muſcles, and thoſe of the back. 


Of the Confruion of the Tail. 


The mode in which the tail is conſtructed is, perhaps, as 
beautiful, as to the mechaniſm, as any part of the animal. It 
is wholly compoſed of three layers of tendinous fibres, co- 
vered by the common cutis and cuticle ; two of theſe layers 


4 8 are 


Their muſcles, a very ſhort time after death, loſe their 


_ * Rtratiwe and Occhnomy of Whales. 

1e external, the other internal. The direction of the Sees 
of the external layers is the ſame as in the tail, forming a ſtratum 
about one-third of an inch thick; but varying, in this reſpect, 
as the tail is thicker or thinner. The middle layer is com- 
poſed entirely of tendinous fibres, paſſing directly acroſs, be- 
tween the two external ones above deſcribed, their length be- 
ing in proportion to the thickneſs of the tail; a . which: 
gives amazing ftrength to this part. 
The ſubſtance of the tail is fo firm and bn that the 
veſſels retain their dilated ſtate, even when cut acroſs; and 
this ſection conſiſts of a large veſfel ſurrounded by as many 
ſmall ones as can come in contact with its external ſurface; 3. 
which of theſe are arteries, and which veins, I do not know. 

The fins are * covered with a — condenſed — 
membrane. i 
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Of the Fats. 


The fat of this order of animals, except the n | is | 
what we generally term oil. It does not coagulate in our 
N atmoſphere, and is probably the moſt fluid of animal fats; but 
the fat of every different order of animals has not a peculiar” 
degree of ſolidity, ſome having it in the ſame ſtate, as the Horſe 
and Bird. What I believe approaches neareſt to {| permaceti, 
is the fat of ruminating animals, called tallow. _ EE 
The fat is differently fituated in different orders of animals; I 
probably. for particular purpoſes, at leaſt in ſome we can aflign a 
final intention. In the animals, which are the ſubject of the pre- 
ſent Paper, it is found principally on the outſide of the muſcles, 
immediately under the ſkin, and is in conſiderable quantity. 
It js rarely to be met with in the interſtices of the muſcles, or in. 
any of the cavities, ſuch as the abdomen or about the heart. 
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=. th avinzals of the ſame claſs living on- land, the far is moe 
diffaſed: it is ſituated, more eſpecially when old, in the i inter. 
ſtices of muſcles, even between the faſciculi of muſcular fibres, 
and is attached to many of the viſcera ; but many parts are 
free from fat, unleſs when diſeaſed, as the penis, ſcrotum, 
eln. eyelid, liver, lungs, brain, ſpleen, &c. 
In fiſh its ſituation is rather particular, and is moſt com- 
ne in two modes; in the one, diffuſed through the whole 
body of the fiſh, as in the Salmon, Herring, Pilchard, Sprat, 
&c. ; in the other, it is found in the liver only, as in all of the 
Ray kind, Cod, and in all thoſe called White-fiſh, there being 

none in any other part of the body . The fat of fiſh appears 

to be diffuſed through the ſubſtance of the parts which contain 

8 but 18 probably in diſtinct cells. In ſome of theſe fiſh, 
where i it is diffuſed over the whole body, it is more in ſome 
parts than others, as on the belly of the Salmon, where it is in 
larger quantity. 55 
be fat is differently incloſed in different orders of en 
In the quadruped, thoſe of the Seal kind excepted, in the 
bird, amphibia, and in ſome fiſh, it is contained in looſe 
cellular membrane, as if in bags, compoſed of ſmaller ones, 
by which means the larger admit of motion on one another, 
and on their connecting parts; which motion is in a greater or 
leſs degree, as is proper or uſeful. Where motion could anſwer 
no purpoſe, as in the bones, it is confined int ſtill ſmaller cells. 
The fat is in a leſs degree in the ſoles of the feet, palms of the 
hands, and in the breaſts of many animals. In this order of ani- 
mals and the Seal kind, as far as I yet know, it is diſpoſed of in 
two ways; the ſmall quantity found in the cavities of the body, 
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* The Sturgeon is, however, an exception, having its fat in particular 
ſituations, and in the interſtices of parts, as in other animals. 


and 
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ws zinterſiices: of parts, is in general diſpoſed in the ſame way as 
injquadrupeds; but the external, which includes the principal 
part, is incloſed in a-reticular membrane, apparently compoſed of 
fibres paſſing i in all directions, which ſeem to confine its extent, 
allowing it little or no motion on itſelf, the whole, when diſ- 
tended, forming almoſt a ſolid body. This, however, is not 
always the caſe in every part of animals of this order ; for 
under the head, or what may be rather called neck, of the Bottle- 
noſe, the fat is confined in larger cells, admitting of motion, 
This reticular membrane is very fine in ſome, and very ſtrong. 
and coarſe in others, and even varies in different parts of the 
ame animal. It is fine in the Porpoiſe, Spermaceti, and 
large Whalebone Whale; coarſe in the Grampus and ſmall 
Whalebone Whale *: in all of them it is fineſt on the body, 
becoming coarſer towards the tail, which is compoſed of fibres 
I without any fat: which is alſo the caſe in the covering of the 
fins; This reticular net-work in the Seal is very coarls'; and 
in thoſe which are not fat, when it collapſes, it looks almoſt 
like a fine net with ſmall meſhes. This ſtructure confines the 
animal to a determined ſhape, whereas in quadrupeds fat when 
in great quantity deſtroys all ſhape. 

The fat differs in conſiſtence in different acids. and in dif. 
| ferent parts of the ſame animal, in which its ſituation is various. 
In quadru peds, ſome have the external fat ſofter than the internal; 


the Ruminating animals have that ſpecies of fat called tallow, and in 
ni- I their bones they have either hard fat or marrow, or fluid fat called 
in Neat's-· foot oil. In this order of animals, the internal fat is the 
dy, leaſt fluid, and is nearly of the conſiſtence of Hog s-lard; ; the 
ular 2 Where it is fine, it yields the largeſt — of 1 and requires the leaſt 


n g. 


I 5 external 


and that incloſed in bones is ſofteſt nearer to their extremities. | 
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. i. the common train oil; but the Spermaceti Whats 
differs from every other animal I have examined, having the 
two kinds of fat juſt mentioned, and another which is totally 
Cn called — of which J ſhall n a + particular 
account. . | 
What is called fpermaceti is found every where i in the body 
in ſmall quantity, mixed with the common fat of the animal, 
bearing a very {ſmall proportion to the other fat. In the head 
It is the reverſe, for there the quantity of ſpermaceti is large 
when compared to that of the oil, although * are 2 
as in the other parts of the body. OE, 
As the ſpermaceti is found in the largeſt quantity in the 
head, and in what would appear on a flight view to be the cavity 
of the ſkull, from a peculiarity 1 in the ſhape of that bone, it 
has been ĩmagined by ſome to be the brain. 

Theſe two kinds of fat in the head are contained i in cells, 
.or cellular membrane, in the ſame manner as the fat in 
Other animals; but beſides the common cells there are larger 

ones, or ligamentous partitions going acroſs, the better to 
ſupport the vaſt load of oil, of which the bulk of the head 186 
3 made up. N 

There are two Places 1 in the head where this oil lies ; theſe 
are ſituated along 1 its upper and lower part: between them paſs 
the noſtrils, and a vaſt number of tendons going to the noſe and 
different parts of the head. 

The pureſt ſpermacet! is contained in the ſmalleſt and leaſt 
ngamentous cells: it lies above the noſtril, all along che upper 
part of the head, immediately under the ſkin, and common 
adipoſe membrane. Theſe cells reſemble: thoſe which contain 
the common fat in the other parts of the body neareſt the {kin. - 


That which lies above the roof of the mouth, or between it 
and 
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* 35 1 
and the noſtril, 3 18 more ee! wich. A ness cellular 
membrane, and lies in chambers whoſe partitions are perpen- 5 
dicular. Theſe chambers are {ſmaller the nearer to the noſe, 
becoming larger and larger towards the back part of the head, 
where the ſpermaceti 1 is more pure. ä 
This ſpermaceti, when extracted cold, has a oy deal the 
appearance of the internal ſtructure of a water an, and is 
found in rather ſolid lumps. 
About the noſe, or anterior part of the noſtril, I diſcovered 
2 great many veſſels, having the appearance of a plexus of 
veins, ſome as large as a finger. On examining them, I found 
they were loaded with the ſpermaceti and oil; and that ſome 
had correſponding arteries. They were moſt probably lym- 
phatics ; therefore I ſhould ſuppoſe, that their contents had been 
abſorbed from the cells of the head. We may the more 
readily ſuppoſe this, from finding many of the cells; or cham- 
bers, almoſt empty; and as we may reaſonably believe that 
this animal had been ſome time out of the ſeas in which it 
could procure proper food, it had perhaps lived on the ſuper- 
abundance of oil, 


The ſolid maſſes are what are deokihn home in caſks for 
ſhermaceti. £2, 

I found, by boiling: this ſubſtance, that I could eaſily extract 
che ſpermaceti and oil which floated on the top from the cellu- 
lar mernbrane. When I ſkimmed off the oily part, and let it 
fland to cool, I found that the ſpermaceti cryſtalliſed, and the 
whole became ſolid; and by laying this cake upon any ſpongy 
ſubſtance, as chalk, or on a hollow body, the oil drained all off, 
leaving the ſpermaceti pure and white. Theſe cryſtals were 
only attached to each other by edges, forming a ſpongy Rh 
and by melting this pure ſpermaceti, and allowing it to 0 
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Aalliſe, it it was t in appearatice to half its bulk, the cryſith 
being ſmaller, and 1 more blended, conſequently lefs diſtin. 
The ſpermaceti mixes readily with other oils, while it is in 
a fluid ſtate, but ſeparates or cryſtalliſes whenever it is 
cooled to a certain degree; like two different ſalts being diſſolved 
in water, one of which will cryſtallife with a leſs degree of 
evaporation than the other; or, if the water is warm, and 
| fully ſaturated, one of the falts will eryſtalliſe ſooner than the 
other, while the ſolution is cooling. I wanted to fee whether 
5 ſpermaceti mixed equally well with the expreſſed oils of vege- 
tables when warm, and likewiſe ſeparated and cryſtalliſed when 
cold, and on trial there ſeemed to be no difference. When very 
much dilyted with the oil, it is diſſolved or melted by a. much 
| ſmaller degree of heat than when alone; and this is the rea- 
ſon, perhaps, that it is in a fluid ſtate in the living body. 
: =... quantity of ſpermaceti i is ſmall in proportion to the 
other oil, it is, perhaps, nearly 1 in that proportion longer in 


53 eryſtallifing ; ; and when it does cryſtalliſe, the cryſtals ar 
much ſmaller than thoſe that are formed where the propor- © 
tion of ſpermaceti is greater. From the ſlowneſs with which ** 
the ſpermaceti cryſtalliſes when much diluted with its oil, from " 
Cr 


a conſiderable quantity being to be obtained in that way, and 
from its continuing for years to cryſtalliſe, one would be in- 
duced to think, that perhaps | the oil itſelf is converted int 
Tpermaceti. 3 

It is moſt likely, that if we could Aiſcover the 4a form 
of the different cryſtals of oils, we fhould thence be able © 
aſcertain both the different ſorts of vegetable oils, expreſſed and 
eſſential, and the different forts of animal oils, much bete 
than by ahy other means; in the ſame manner as we know {als 


t the forms into which they f hoot. Th 
6 os 


boa as the other animal oils; which is = probably owing to 


ſweet when deprived of the cellular ſubſtance. The ſperma- 
ceti is rather heavier than the other ail. 


Sener, and Oe of Whales. | ws * 
The ſpermaceti does nat become rancid, or putrid, nearly fo 


the ſpermaceti being for the moſt part in a ſolid ſtate; and I 


ſhould ſuppoſe, that few oils would become fo ſoon ragicld "BH 


they do, if they were always preſerved i in that degree of cold 
which rendered them ſolid: neither does this oil become ſo ſoon | 
putrid as the fleſh of the animal; and therefore, although the 
oil in the cells appeared to be putrid before boiling, it was 


In this animal then we find two ſorts of dil, * the 
deeper ſeated fat, common to all of this claſs; one of which cry- 


ſtalliſes with a much leſs degree of cold than the other, and of 
courſe requires a greater degree of heat to melt it, and forms, 


perhaps, the largeſt cryſtals of any expreſſed oil we know: 


yet the fluid oil of this animal will cryſtalliſe in an ex- 
treme hard froſt, much ſooner than moſt eſſential oils, th ough 


not ſo ſoon as the expreſſed oils of vegetables. Camphire, how- 


ever, is an exception, ſince it cryſtalliſes in our warmeſt wea- 
ther, and when melted with expreſſed oil of. vegetables, = 

the oil is too much ſaturated for that particular degree of cold, 
cryſtalliſes exactly like ſpermaceti. 


In the Ox the tallow, and what is called Neat s-foot dil, cry= 


ſtalliſe in different degrees of cold. The tallow congeals with 
rather leſs cold than the ſpermaceti; ; but the other oil is ſimilar 


to what is called the train oi} in the Whale. | 4 
I have endeavoured to diſcover the form of the cryſtals of 
different forts of ail; but could never determine exactly what 


that was, becauſe I could never find any of the cryſtals ſingle, 


and by being always united, the natural form was not diſtinct. 
KKK 2 It 
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1 It is the 1 lj covering from all of the Whale kind that 
is is brought home in ſquare pieces, called flitches, and which, 
by being boiled, yields the oil on expreſſion, leaving the cellular 
membrane. When theſe flitches have become in ſome degree 
putrid, there iſſues two ſorts of oil; the firſt is pure, the laſt 
ſeems incorporated with part of the animal ſubſtance, which 
has become eaſy of ſolution from its putridity, forming a kind 
of butter. It is unctuous to the touch, ropy, coagulates or 
becomes harder by cold, ſwims upon water, not being ſoluble 
im it; and the pure oil, ſeparating 1 in the ſame manner from 
this, ſwims above all. | 
What remains, after all the oil is extracted, retains a 1250 

deal of its form, is almoſt wholly convertible into glue, and is. 
fold for that purpoſe. 
The cellular, or rather what ſhould bi called the uniting 
membrane in this order of animals, is fimilar to that in the 
quadruped ; we find it uniting muſcle to muſcle, and muſcle 
to bone, for their eaſy motion on one another. 

The cellular membrane, which is the receptacle for the oil 
near the ſurface of the body is in general very different from 
that in the quadruped, as has been already obſerved. 


F 


Of the Shiz. 


The covering of this order of animals confi ſts of a cuticle 

and cutis. 
The cuticle is ſomewhat * to that on the ſole of the 
foot in the human ſpecies, and appears to be made up of a 
number of layers, which ſeparate by flight putrefaction; but 
this I ſuſpe& ariſes in ſome degree from there being a ſucceſſion 
of cuticles formed. It has no degree of elaſticity or toughnels, 
4 but 
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drection. The internal ſtratum is tough and thick, and in tho 
Spermaceti Whale its internal ſurface, when ſeparated from 
the cutis, is juſt like coarſe velvet, each pile ſtanding firm in- 
its place; but this is not ſo diſtinguiſhable in ſome of the. 
others, although 1 it appears — from the innumerable per- 
forations. 

It is the cuticle that gives the colour to the animal; and i in 


fabſtance waſhed away in the ſeparation of the cuticle from the 
cutis, which muſt be a kind of rete mucoſum. 

The cutis in this tribe is extremely villous on its external 
furface, anſwering to-the-rough ſurface of the cuticle, and form- 
ing in ſome parts ſmall ridges, ſimilar to thoſe on the human 


water, andeach is-longer or ſhorter according, to the ſize of the 
animal. In the Spermaceti Whale they were about a quarter 


Whales, much ſhorter; in all, they are extremely vaſcular. 
The cutis ſeems to be the termination of the cellular mem 
brane of the body more cloſely united, having ſmaller inter- 
ſtices, and becoming more compact. This alteration in the 
texture is ſo ſudden as to make an evident diſtinction between 
what is ſolely connecting membrane, and fkin, and is moſt evi- 
dent in lean animals; for in the change from fat to lean, the 
kin does not undergo an alteration equal ta what takes place 

in the adipoſe membrane, although 1 it may be obſerved, that 
the ſkin itſelf is diminiſhed in thickneſs. In fat animals the diſ- 
tinction between ſkin and cellular membrane is much leſs, the gra- 
dation from the one to the other ſeeming to be {lower ; for the 
cells of both membrane and ſkin being loaded with fat, the whole 
has 


D 
but tears eaſily; nor do i its fibres appear to have any particular 


parts that are dark, I think, I have ſeen a dirty coloured 


fingers and toes: "Theſe villi are ſoft and pliable ; : they float i in 


of an inch long; in the Grampus, Bottle-noſe and Piked i A 


* 


| ſpecies or other animals. In moſt quadrupeds it is muſcular, 
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_ more the appearance of one uniform ſubſtance. This 


 wniformiity of the adipoſe membrane and ſkin is moſt ob- 
ſetvable in the Whale, Seal, Hog, and the human ſpecies; 


arrd is not only viſible in the raw but in the dreſſed hides ; for 
in dreſſed fkins the external is much more compact in texture 
than the inner furface, and is in common very tough. 

In ſome animals the cutis is extremely thick, and in ſome 
parts much more ſo than others: where very thick, it appears 
to be intended as a defence againſt the violence of their own 


contracting by cold, and relaxing by heat. Many other ſti- 
mulating ſubſtances make it contract; but cold is probably 
that ſtimulus by which it was intended to be generally ate 
fected. 
The fin is — elaſtic in 1 the — pumber of qua- 
Urapeds, and in its contracted ſtate may be {aid to be rather too 
mall for the body; by this elaſticity it adapts itſelf to the 
changes which are conſtantly taking place in the parts, and it is 
fromthe want of it, that it becomes too large in ſome old animals. 


In all animals it is more elaſtic in ſome parts than others, eſpe 


cially in thoſe where there is the greateſt motion. Ho far theſe 
variations take place in the Whale I do not exactly know ; but 
a looſe elaſtic ſkin in this tribe would appear to be.improper as an 


mal, and the medium in which it moves; therefore it appears to 
be kept always on the ſtretch, by the adipoſe membrane being 
loaded with fat, which does not allow the ſkin to recede when cut. 
It is, however, moreelaſtic at the ſetting on of the eyelids, round 
the opening of the prepuce, the nipples, the ſetting on of the 
fins, -and under the jaw, to allow of -motion in thoſe parts; 


_ univerſal covering, confidering the progreſſive motion of the ani- 


and 
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* here there is more reticular, and leſs adipoſe membrane. 
But in the Piked Whale there 1s probably one of. the moſt 
ſtriking inſtances of an elaſtic cuticular contraction: for 
though the whole ſkin of the fore part of the neck and breaſt of 


the animal, as far down as the middle of the belly, be extremely 


elaſtic ;. yet to render it ſtill more ſo, it 15 ribbed longitudinally 
like a ribbed ſtocking, which gives an increaſed lateral elaſti- 


city. Theſe ribs ate, when contracted, about five-eighths of an 


inch broad, covered with the common fkin of the animal ; but in 


the hollow part of the rib, it is of a ſofter texture, with a thinner 
cuticle. This part is poſſeſſed of the greateſt elaſticity ; ; why 


it ſhould be fo elaſtic is difficult to ſay, as it covers the 
thorax, which can never be increaſed in ſize; yet there muſt 


be ſome peculiar circumſtance in the economy of the ſpecies 
requiring this ſtructure, which we as yet know nothing of. 


The {kin is intended for various purpoſes. It is the univer- 


ſal covering given for the defence of all kinds of animals; and 


| that it might anſwer this purpoſe well, it is the ſeat of one of 
the ſenſes. : 


0 the Mode of catching their Food. 


The mouths of animals are the firſt mw to be conſidered 
reſpecting nouriſhment or food, and are 
with every thing relative to it, as not only to give ol 8 


whether the food is vegetable or animal, but alſo reſpecting 
the particular kind of either, eſpecially of animal food. The 
mouth not only receives the food, but is the immediate inſtru- 
ment for catching it. As it is a compound inſtrument in many 
animals, having parts of various conſtructions belonging to it, 
I ſhall at * conſider it in this tribe no further than as 
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of this tribe of animals, which we have many opportunities of 
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Connected with their mode of catching the food, and adapting 
and diſpoſing it for being ſwallowed. It is probable, that theſe 
animals do not require either a diviſion of the food, or a maſti- 
_ cation of it in the mouth, but ſwallow whatever they catch, 
whole; for we do not find any of them furniſhed with parts ca- 

pable of producing either effect. The mouth in moſt of this 
tribe is well adapted for catching the food; the jaws ſpread 
as they go back, making the mouth proportionally wider than 
in many other animals. 

There is a very great variety in the formation of the mouths 


knowing, from the head being often brought home when the 
other parts of the animal are rejected; a circumſtance which 
frequently leaves us ignorant of the * ſ pecies to which 
at belon ged. 1 | co 

Some catch their food by means of dert, which are in riſ 
both jaws, as the Porpoiſe and Grampus; i in others, they ate 
only in one jaw, as in the Spermaceti Whale; and in the large 


Bottle-noſe Whale, deſcribed by Dax, there are only two ſmall nl 
teeth in the anterior part of the lower jaw. In the Narwhale I of 
only two tuſks in the fore part of the upper jaw * ; while det 


in ſome others there are none at all. In thoſe which have teeth 
in both jaws, the number in each varies confiderably-; the ſmall 
Bottle- noſe had forty-fix in the upper, and fifty i in the lower; 
and in the jaws of others there are only five or fix in each. 
The teeth are not diviſible into different claſſes, as in qua- 
drupeds; but are all pointed teeth, and are commonly a good 
deal ſimilar. Each tooth is a double cone, one point being 


* I call theſe tuſks to diſtinguiſh them from common teeth. A tuſk is that 
"kind of tooth which has no bounds ſet to its growth, excepting by abraſion, ” 


Ahe tuſk of the Elephant Boar, Sea-horſe, Manatee, &c. 
? 2 3 ? £ aſte _ 
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faſtened | in the gum, the other projecting: they are, however, 
not all exactly of this ſhape. In ſome ſpecies of Porpoiſe the 


fang is flattened, and thin at its extremity; in the Spermaceti 
Whale the body of the tooth is a little curved towards the 
back part of the mouth; this is alſo the caſe in ſome others. 


The teeth are compoſed of animal ſubſtance and earth, ſimilar 


to the bony part of the teeth 1 in quadrupeds. The upper teeth are 
commonly worn down upon the inſide, the lower on the out- 
ſide; this ariſes from the upper jaw being in general the largeſt. 
I) be ſituation of the teeth, when firſt formed, and their progreſs 
afterwards, as far as I have been able to obſerve; is very different 
in common from thoſe of the quadruped. In the quadruped the 
teeth are formed in the jaw, almoſt ſurrounded by the alveoli, 
or ſockets, and riſe in the jaw as they increaſe in length; the 
covering of the alveoli being abſorbed, the alveoli afterwards 
riſe with the teeth, covering the whole fang ; but in this tribe 
the teeth appear to form in the gum, upon the edge of the jaw, 
and they either ſink in the jaw as they lengthen, or the alveoli 


riſe to incloſe them: this laſt is moſt probable, ſinee the depth 
of the jaw is alſo increaſed, ſo that the teeth appear to ſink 
deeper and deeper in the jaw. This formation is readily diſ- 


covered in jaws. not full grown; for the teeth increaſe in num- 
The poſterior 
part of the jaw becoming longer, the number of teeth in that 
part increaſes, the ſockets becoming ſhallower and —_—_— 
and at laſt being only a ſlight depreſſion. 


ber as the jaw lengthens, as in other animals. 


It would appear, that they do not ſhed their teeth, nor have 


they new ones formed ſimilar to the old, as is the caſe with 


moſt other quadrupeds, and alſo with the Alligator. I have never 
been able to dete& young teeth under the roots of the old 
ones; and indeed the ſituation in which they are firſt formed 
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makes it in Foes degree impoſſible, if the young teeth follow 
the fame rule in growing with the . ones, as they 
probably do in moſt animals. 

If it is true, that the Whale tribe do not ſhed their teeth, in 
what way are they ſupplied with new ones, cotreſponding in 
ſize with the increafed fize of the jaw? It would appear, that 
the jaw, as it increaſes poſteriorly, decays at the ſymphyſis, and 
while the growth is going on, there is a conſtant ſucceſſion of 
new teeth, by which means the new - formed teeth are propor- 
tioned to the jaw. The ſame mode of growth is evident in the 
Elephant, and in ſome degree in many fiſh; but in theſe laſt the 
abſorption of the jaw is from the whole of the outſide along 
where the teeth are placed. The depth of the alveoli ſeems to 
prove this, being ſhallow at the back part of the jaw, and 
becoming deeper towards the middle, where they are the 
deepeſt, the teeth there having come to the full ſize. From 
this forwards they are again becoming ſhallower, the teeth 
being ſmaller, the ſockets waſting, and at the ſymphyſis there 
are hardly any ſockets at all. This will make the exact num- 
ber of teeth in any ſpecies uncertain. 

Some genera of this tribe have another mode of catching thei 
| food, and retaining it till ſwallowed, which is by means of the 
| ſubſtance called Whalebone. Of this there are two kinds 
| known; one very large, probably from the largeſt Whale yet 
diſcovered ; the other from a ſmaller ſpecies. 

This whalebone, which is placed on the inſide of the 
mouth, and attached to the upper jaw, is one of the moſt 
ſingular circumſtances belonging to this ſpecies, as they have 
moſt other parts in common with quadrupeds. It is a ſubſtance, 
I believe, peculiar to the Whale, and of the ſame nature as 


horn, which J ſhall uſe as a term to expreſs what conſti- 
tutes 


— on 1 of Whales. 


of animal ſubſtance, and extremely elaſtic *. 


of very conſiderable length, their breadth and length in ſome de- 


gree correſponding to one another; and when longeſt they are 


commonly the broadeſt, but not always ſo. (See Tab. XXII.) 
Theſe plates are very different in ſize in different parts of the ſame 
mouth, more eſpecially in the large Whalebone Whale, whoſe 


upper jaw does not paſs parallel upon the under, but makes an 


arch, the ſemidiameter of which is about one-fourth of the 


length of the jaw. The head in my poſſeſſion is nineteen feet 


long, the ſemidiameter not quite five feet: if this proportion 
is preſerved, thoſe Whales which have whalebone fifteen feet 


long muſt be of an immenſe fize. 


Theſe plates are placed in ſeveral . rows, —— ing the 
outer ſkirts of the upper jaw, ſimilar to teeth in other animals. 
They ſtand parallel to each other, having one edge. towards 
the circumference of the mouth, the other towards the center 
or cavity. They are placed near together in the Piked Whale, 


not being a quarter of an inch aſunder where at the greateſt 
diſtance, yet- differing 1 in this reſpe& in different parts of the 


ſame mouth; but in the ”m Whale the diſtances are more 


conſiderable. 


The outer row is 4 * . 190 plates; ; and theſe 1 


are in proportion to the different diſtances between the two 
jaws, ſome being fourteen or fifteen feet long, and twelve or 
fifteen inches broad; but towards the anterior and poſterior 


part of the mouth, they are very ſhort : they riſe for half a 


foot or more, nearly of equal breadths, and afterwards ſhelve 
off from their inner ſide until they come near to a point at the 


From this it muſt appear, that the term bone is an improper one. 


ks FD outer: 


4or 
tures hair, hail; claws; feathers, &c. it is wholly — 


Whalebone conſiſts of thin plates of ſome breadth, and in fond 
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outer: the exterior of the inner rows are the longeſt, - cor. 
_ reſponding to the termination of the dechvity of the outer, ang 
become ſhorter and ſhorter till they hardly riſe above the gum. 

The inner rows are cloſer than the outer, and rife almoſt 
perpendicularly from the gum, being longitudinally ſtraight, 
and have leſs of the dechvity than the outer. The 


make a ſerpentine line, more eſpecially in the Piked Whale 
"the outer edge 1s thicker than the inner. All round the line 


made by their outer edges, runs a ſmall white bead, which is 
formed along with the whalebone; and wears down with it. The 


ſmaller plates are nearly of an equal thickneſs upen both edges. 


the longeſt and ſtrongeſt. 
The two ſides of the mouth compoſed * tha rows meet 


/ 


nearly in a point at the tip of the jaw, and ſpread or recede late- - 


rally from each other as they paſs back ; and at their poſterior 
ends, in the Piked Whale, they make a fweep inwards, and come 
very near each other, juſt before the opening of the ceſopha- 


gus. In the Piked Whale there were above three hundred in 


the outer rows on each fide of the mouth. Each layer termi- 
nates in an oblique ſurface, which obliquity inclines to the roof 


of the mouth, anſwering to the gradual diminution of their 


length ; ſo that the whole ſurface, compoſed of theſe termi- 
nations, forms one plane rifing gradually from the roof of the 


mouth ; from this obliquity of the edge of the outer row, we 
may in ſome meaſure judge of the extent of the whole baſe, 
but not exactly, as it makes a hollow curve, which increaſes 


the baſe, 


'The 


plates of the outer row laterally are not quite flat, but 


In all of them, the termination is in a kind of hair, as if the 
plate was ſplit into innumerable ſmall _ the exterior being | 


whalebone remains entirely on the inſide of the lower jaw, the 


by the lower. I ſuppoſe, therefore, that a broad upper lip, 
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The whole ſurface reſembles the ſkin of an anictal covered 
with ſtrong hair, under which furface the tongue muſt imme- 
diately he, when the mouth is ſhut ; 3 it is 
colour in the Piked Whale, * is darker in the _ 


Whale. 
In the Piked Whale, . the mouth is ſhut, the projefing 


two jaws meeting every where along their ſurface ; but how this 
is effected in the large Whale I do not certainly know, the hori- 
zontal plane made by the lower jaw being ſtraight, as in the 
Piked Whale ; but the upper jaw being an arch cannot be hid 


meeting as low as the lower jaw, covers the whole of the outer 
edges of the exterior rows. e 

The whalebone is continually wearing down, and renewing 

in the ſame. proportion, except when the animal is growing 14 
is renewed faſter, and in proportion to the growth. 

The formation of the whalebone is extre mely curious, 
being in one reſpect ſimilar. to that of the hair, horns, ſpurs, 
&c.; but it has befides another mode of growth and — 
equally ſingular. 

Theſe plates form upon a thin vaſcular ſubſtance, not in- 
mediately adhering to the jaw- bone; but having a more denſe 


ſubſtance between, which is alſo vaſcular. This ſubſtance, ' 


which may be called the nidus of the whalebone, ſends out 


(che above) thin broad proceſſes, anſwering to each plate, on 


which the plate i is formed, as the Cock's ſpur or the Bull's 
torn, on the bony core, or a tooth on its pulp; ſo that each 
plate is neceſſarily hollow at its growing end, the firſt part of 
the growth taking place on the inſide of this hollow. 


Beſides 


of a light-brown - 
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Beides this mode of growth, which is common to all ſuch 


| — it receives additional layers on the outſide, which 
are formed upon the above-mentioned. vaſcular ſubſtance ex. 
tended along the ſurface of the jaw. This part alſo forms 


upon it a ſemi-horny ſubſtance between each plate, which is 
very white, riſes with the whalebone, and becomes even with 


the outer edge of the jaw, and the termination of its outer 
part forms the bead above mentioned. This intermediate ſub- 


ſtance fills up the ſpaces between the plates as high as the jaw, 


acts as abutments to the whalebone, or is ſimilar to the 
alveolar proceſſes of the teeth, keeping them firm 1 in their 
places. (See Tab. XXIII.) Fs. e 

As both the whalebone and -ntermediate ſubſtance are con- 
| ſtantly growing, and as we muſt ſuppoſe a determined length 


neceſſary, a regular mode of decay muſt be eſtabliſhed, not 


depending entirely on chance, or the uſe it is put to. 
In its growth, three parts appear to be formed; one from 
the riſing core, which is the center, a ſecond on the outſide, 


and a third being the intermediate ſubſtance. Theſe appear to 


have three ſtages of duration; for that which forms on the 
core, I believe, makes the hair, and that on the outſide makes 

principally” the plate of whalebone ; this, when got a certain 
length, breaks off, leaving the hair projecting, becoming at 
the termination very brittle; and the third, or intermediate 


ſubſtance, by the time it riſes as high as the edge of the ſkin 
of the jaw, decays and ſoftens away like the old _— of the 


ſole of the foot when ſteeped in water. 


The uſe of the whalebone, I ſhould. believe, is principally 


for the retention of the food till ſwallowed; and do ſuppoſe 
the fiſh they catch are ſmall, when compared with the ſize of 
the mouth, 

The 
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be -ceſophagus, as in other animals, begins at the fauces, 
or poſterior part of the mouth; and, although circular at this 
part, is ſoon divided into two paſſages by the epiglottis paſſing 
acroſs it, as will be deſcribed hereafter. Below its attachment to 
the trachea, it paſſes down in the poſterior mediaſtinum, at 
ſome diſtance from the ſpine, to which it is attached by a 
broad part of the ſame membrane, and its anterior ſurface 

makes the poſterior part of a cavity behind the pericar- 
dium. 


Paſſing through the diaphragm it enters the ſtomach, and is 
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tinued into the firſt cavity of the ſtomach. 
The inner, or true coat, is white, of a confiderable denſity, 
and not muſcular ; but thrown into large longitudinal folds by 


are very ſtrong. It is very glandular ; for on its inner ſurface, 


eſpecially near the fauces, orifices of a vaſt number of as 
are viſible. 


r to The ceſophagus is FRA in proportion. to the bulk of the 


the animal than in the quadruped, although not ſo much ſo as it 
\kes uſually i is in fiſh, which we may ſuppoſe ſwallow their food 


inches and an half wide. 
The ſtomach, as in other animals, lies on the left ſide of 
the body, and terminates in the pylorus towards the right. 
The duodenum paſſes down on the right fide, very much as 
in the human ſubje&, excepting that it is more expoſed from 
the colon not croſſing it. It lies on the right kidney, and 
then paſſes to the left ſide behind the aſcending part of the 


Th 2 teſtine, 


Lead with a very thick, ſoft, and white cuticle, which is con- 


the contraction of the muſcular fibres of the ceſophagus, which 


much in the ſame way. In the Piked Whale it was thre 


colon and root of the meſentery, comes out on the left fide, 
and getting on the edge of the meſentery becomes a looſe in- 
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the meſentery downwards to the lower part of the abdomen, 
The ilium near the lower end makes a turn towards the 
right fide, and then mounting upwards, round the edge of 


part it lies upon the left kidney, and in its paſſage down gets 
more and more to the middle line of the body. 
reached the lower part of the abdomen, it paſſes behind the 
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ae, Kitealvg the Jeſanum. In this courſe behind the wits 
rery it is expoſed, as in moſt quadrupeds, not being covered by j it; 


as in the human. The jejunum and ilium paſs along the edge of 


the meſentery, paſſes a little way on the right, as high az 


the kidney, and there enters the colon, or cæcum. The cæ- 
cum lies on the lower end of the kidney, conſiderably higher 
than in the human body, which renders the aſcending part of 
the colon ſhort. The cæcum is about feven inches long, and 
more like that of the Lion or Seal than of 58 other animal J 


know. 

The colon "iſſn obliquely up the right 64. a little math 
as middle of the abdomen ; and when as high as the ſtomach, 
croſſes to the left, and acquires a broad meſocolon.: at this 


When it has 


uterus, and along with the vagina, in the female ; between the 


two teſticles, and behind the bladder and root of the penis, in 
the male, bending down to open on what is called the belly 


of the animal; and in its whole courſe it is gently convoluted. 
In thoſe which have no cæcum, and therefore can hardly be 


ſaid to have a colon, the inteſtine before its termination in the 


rectum makes the ſame kind of ſweep round the other intel 
tines, as the colon does where there is a cæcum. 
The inteſtines are not large for the ſize of the animal, not be- 


ing larger in thoſe of eighteen or twenty-four feet long than in 


the Horſe, the colon not much more capacious than the jejunum 


and ilium, and very ſhort ; a circumſtance common to carni- 
7 vorous 
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— to the — 23 — — an half, ns fo crcum 
ſeven inches, of the colon to the anus two yards and three 
quarters. The ſmall inteſtines are juſt five times the length 
of the animal, the colon with the cæcum a little more than 
one-half the length. 
Thoſe parts that reſpect the nouriſhment of this tribe do not 
all ſo exactly correſpond as in land animals; for in theſe 
one in ſome degree leads to the other. Thus the teeth in the 

ruminating tribe point out the kind of ſtomach, cæcum, and 
colon; ; while in others, as the -Horſe, Hare, Lion, &c. the 
appearances of the teeth only give us the kind of colon and 
ercum; but in this tribe, whether teeth or no teeth, the ſto- 

machs do not vary much, nor does the circumſtance of cecum 
em to depend on either teeth or ſtomach, The circumſtances 
by which, from the form of one part we judge what others 
are, fail us here; but this may ariſe from not knowing all the 
circumſtances. The ſtomach, in all that I have examined, 
confiſts of ſeveral bags, continued from the firſt on the left 
towards the right, where the laſt terminates in duodenum. 
The number is not the ſame in all; for in the Porpoiſe, Gram- 
pus, and Piked Whale, there are five; in the Bottle-noſe 
ſeven. Their'fize reſpecting one another differs very conſidera- 
bly; ſo that the largeſt in one ſpecies may in another be only 
the ſecond. The two firſt in the Porpoiſe, Bottle-noſe, and 
Piked Whale, are by much the beg the others are ſmaller, 
although irregularly ſo. 

The firſt ſtomach has, I believe, in all very much the ſhape | 
of an egg, with the ſmall end downwards. It is lined every 
Where with a continuation of the cuticle from the cefophagus. In 
the Porpoiſe the œſophagus enters the ſuperior end of the ſto- 
Vol. LXXVII M m m mach, 


and opens by a narrower orifice; then paſſing down along the 


2 Horn '"Oferoartnr' ik 
"Wick," In the Piked Whale i its entrance is'a lade * on the 
Eko, part of the upper end, and is oblique. CA 

The ſecond ſtomaàch in the Piked Whale is very e and 
5 rather longer than the firſt. It is of the ſhape of the Italic 3, 
| paſſi ng out from the upper end of the firſt on its right fide, 
by nearly as large a beginning as the body of the bag. . In the 
Porpoiſe it by no means bears the ſame proportion to the firſt, 


right fide of the firſt ſtomach, it bends a little outwards at the 
lower end, and terminates in the third. Where this ſecond ſto- 
mach begins, the cuticle of the firſt ends. The whole of the in- 
ide of this ſtomach is thrown into unequal rugz, appearing like 
a a large irregular honeycomb. In the Piked Whale the rugz 
are longitudinal, and in many places very deep, ſome of them 
bein g united by croſs bands; and in the Porpoiſe the folds are very 
thick, maſſy, and indented into one another. This ſtomach 
opens into the third by a round contrafted orifice, which does 
not ſeem to be valvular. 
The third ſtomach is by much the ſmalleſt, and appears 
to be only a paſſage between the ſecond and fourth. It has no 
peculiar ſtructure on the inſide, but terminates in the fourth 
by nearly as large an opening as its beginning. In the Por- 
poiſe it is not above one, and 1 in the Bottle-noſe about five 
inches _ 
The fourth 8 is of a confiderable * ; hat a good 
deal leſs than either the firſt or ſecond. In the Piked Whale 
it is not round, but ſeems flattened between the ſecond and 
fifth. In the Porpoiſe it is long, paſſing in a ſerpentine courſe 
almoſt like an inteſtine. The internal ſurface is regular, but 
villous, and opens, on its right fide into the fifth, by a round 
* ſmaller than the entrance from the third. 


The 


_ Grampus, and Bottle-noſe Whale. 
I) he ſtructure of the inner ſurface of the inteſtine i is in ſome 
very ſingular, and different from that of the others. | 
The inner ſurface of the duodenum 1 in the Piked W hale is 
thrown into longitudinal rugæ, or valves, which are at ſome 
The 
duodenum in the Bottle-noſe ſwells out into a large cavity, and 
might almoſt be reckoned an eighth ſtomach; but as the Lay 
ducts enter it I ſhall call it duodenum. 


Porpoiſe oval; it is ſmall, and terminates in the pylorus, which 
has little of a valvular appearance. Its coats are thinner than 


* 


thoſe'of the fourth, having an even inner ſurface, which f is 


commonly tinged with bile. 
The Piked Whale and, I e, the large Whalebone 
Whale, have a cæcum; but it is wanting in the * 


diſtance from each other, and theſe receive lateral folds. 


The inner coat of the j jejunum, and ilium, appears in irre- 


gular folds, which may vary according as the muſcular coat of 
the inteſtine acts: yet I do not believe, that their form de- 


pends intirely on that circumſtance, as they run longitudinally, 
and take a ſerpentine courſe when the gut is ſhortened by the 


contraction of the longitudinal muſcular fibres. The inteſtinal 


canal of the Porpoiſe has ſeveral longitudinal folds of the inner 


Bottle-noſe the inner coat, through nearly the whole track of the 


inteſtine, is thrown into large cells, and theſe again ſubdivided 
into ſmaller; the axis of which cells is not perpendicular to a 


tranſverſe ſection of the inteſtine, but oblique, forming pouches 
with the mouths downwards, and acting almoſt like valves, 
when any thing is attempted to be paſſed in a contrary di- 
rection: they begin faintly in the duodenum, before it makes 
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| coat paſſing along it, through the whole of its length. In the 


| Sandee — ＋ Whales. a9 oF 
. The Sith ficmach, is in the Piked Whale round, 3nd} in the & E 


which it is continued, and adheres to that inteſtine, its duct 


1 . ene 


kes ky tork; and/terminate near the anus. The eden and 
teckum have the rugæ very flat, which ſeems to nn 
titely on the contraction of the gut. 1 N 
© The rectum near the anus appears, a Four or eve inches 
much contracted, is gland olar, covered op 2 -toft. cuticle, and 
the anus ſmall. - 
I never — any air in 6 Anden of this tribe; nor 
indeed in any of the aquatic animals. 5 
The meſenteric artery anaſtomoſes by large entice. 
There is a conſiderable degree of unifortnity in the liver of this 
- tie of animals. In ſhape it nearly reſembles the human, but is. 
not fo thick at the baſe, nor ſo ſharp at the lower edge, and is 
probably not ſo firm in its texture. The right lobe is the largeſt 
755 and thickeſt, its falciform ligament broad, and there is a large 
ffſſure between the two lobes, in which the round ligament 
paſſes. The liver towards the left is very much attached 
to the ſtomach, the little epiploon being a thick ſubſtance. 
There is no gall- bladder; the hepatic duct is large, and enters 
the duodenum about ſeven inches beyond the pylorus. 
The pancreas is a very long, flat body, having its left end 
attached to the right fide of the firſt cavity of the ſtomach : 
it paſſes acroſs the ſpine at the root of the meſentery, and near 
to the pylorus ) joins the hollow curve of the duodenum, along 


entering that of the liver near the termination in the gut. 
Although this tribe cannot be ſaid to ruminate, yet in the 
number of ſtomachs they come neareſt to that order ; but here 
I ſuſpect that the order of digeſtion is in. ſome degree inverted. 
In both the ruminants, and this tribe, Fthink it muſt be allowed 
that the firſt ſtomach is a reſervoir. In the ruminants the pre- 
ciſe uſe of the ſecond and third ſtomachs is perhaps not known; 
but 


uſe of the third and fourth is not exactly aſcertained. · 
The czcunrand colon do not aſſiſt in pointing out the nature 
of the food and mode of digeſtion i in this tribe. The Porpoiſe 


which has teeth, and four cavities to the flomaih. has no cæ- 
cum, ſimilar to ſome land animals, as the Bear, Badger, 
Racoon, Ferret, Polecat, &c.; neither has the Bottle noſe a 


cæcum which has only two ſmall teeth in the lower jaw; and 
the Piked Whale, which has no teeth, has a cæcum, almoſt 
exactly like the Lions which has teeth and a very different kind 


of ſtomach; | 
The food of the wine of this tribe, I ws is fiſlhs ; 
probably each may have a particular kind, of which it is 


fondeſt, yet does not refuſe a variety. In the ſtomach of the 
large - Bottle-noſe, I found the beaks of ſome hundreds of 


Cuttle-fiſh. In the Grampus J found the tail of a Porpoiſe; 


ſo that they eat their own geaus. In the ſtomach of the Piked 


Whale, I found the bones of different fiſh, but particularly 


thoſe of the Dog-fiſh. From the fize of the ceſophagus we 
may conclude, that they do not ſwallow fiſh ſo large in pro- 


portion to their ſize as many fiſh do, that we have reaſon 


to believe take their food in the ſame way : for fiſh often at- 
tempt to ſwallow what is larger than their ſtomachs can at one 
time contain, and part remains in the ceſophagus till the reſt i is 
digeſted. - . 

The epiploon on the whole is a thin membrane; on the 
night fide it is rather a thin net work, though on the left it is a 
complete membrane, and near to the ſtomach of the ſame ſide 


two firſt bags of the ſtomach. 


what 


* eee eee of Whales, der | 1 
| hut digeſtion is certainly carried on in the fourth; white in this 
| wribe, I imagine, digeſtion is performed in the ſecond, and the 


becomes of a conſiderable thickneſs, eſpecially between the 
It has little or no fat, except 
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tribe there is the uſual paſſage behind the veſſels going to the 
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i what Nightly covers the veſſels iti particular parts. It is attached | 
forwards, all along to the lower part of the different bags conſti- 
tuting the ſtomach, and on the right to the root of the meſen- 
tery, between the ſtomach and tranſverſe arch of the colon, firſt 
behind to the tranſverſe arch of the colon and root of the me- 
ſentery, then to the poſterior ſurface of the left or firſt bag of 

the ſtomach, behind the anterior attachment, In ſome of this 


liver, common to all quadrupeds I am acquainted with; but in 
others, as the ſmall Bottle-noſe, there is no ſuch paſſage, 
which by the cavity behind the ſtomach in the EO of this 
animal becomes a circumſcribed cavity. 
The ſpleen is involved in the epiploon, and is very ſmall for 
the ſize of the animal. There are in ſome, as the Porpoiſe, 
one or two ſmall ones, about the ſize of a nutmeg, often ſmal- 
| ler, placed i in the epiploon behind the other. Theſe are ſome- 
times met with likewiſe in the human body. 
The kidnies in the whole of this tribe of animals are con- 
glomerated, being made up of ſmaller parts, which are only 
connected by cellular membrane, blood-veſſels, and ducts, or 
infundibula; but not partially connected by continuity of ſub- 
ſtance, as in the human body, the Ox, &c.: every portion is of 
a conical figure, whoſe apex 1s placed towards the center of 
the kidney, the baſe making the external ſurface; and each is 
compoſed of a cortical and tubular ſubſtance, the tubular ter- 
minating in the apex, which apex makes the mamilla. Each 
mamilla has an infundibulum, which is long, and at its be- 
ginning wide, embracing the baſe of the mamilla, and becom- 
ing ſmaller. Theſe infundibula unite at laft, and form the 
ureter. The whole kidney is an oblong flat body, broader 
aud thicker at the upper end than the lower, and has the 
appearance 
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. appearance of * rea up of — parts placed cloſe 
rogether , Almoſt like the pavement. of a ſtreet. 


The ureter comes out at the lower end, and paſſes along to 
the bladder, which it enters very near the urethra. 
The bladder 1s oblong, and ſmall for the ſize of the animal. 
In the female the urethra paſſes along to the external ſulcus or 
vulva, and opens juſt under the clitoris, much as in the human 
ſubject. | 
Whether being inhabitants of the water makes ſuch 2 con- 
ſtruction of kidney neceffary I cannot ſay; yet one muſt ſup- 
poſe it to have ſome connection with ſuch ſituation, fince we 
find it almoſt uniformly take place in animals inhabiting the 
water, whether wholly, as this tribe, or occaſionally, as the 
| Manatee, Seal, and White Bear : there is, however, the ſame 
| ſtructure in the Black Bear, which, I believe, never inhabits. 
the water. - This, perhaps, ſhould be conſidered in another 
| light, as nature keeping up to a certain uniformity. in tlie 
on- MW ftruQture of fimilar animals ; for the Black Bear in conſtruction 


nly of parts is, in every other reſpect as well as this, like the 
„or White Bear. 


* 


ſub- The — renales are ſmall for the G ze of the EY 

of when compared to the human, as indeed they are in moſt ani- 
r of mals. They are flat, and of an oval figure; the right lies on 
h is the lower and poſterior part of the diaphragm ſomewhat higher 


than the kidney; the left is ſituated lower down,. by the ſide 
of the aorta, between it. and the left kidney. They are com- 
poſed of two ſubſtances; the external having the direction of 
ts fibres or parts towards the center ; the internal ſeeming more- 
uniform, and not having ſo much of the fibrous appearance. 
The blood of animals of this order is, I believe, ſimilar to 
that of quadrupeds ; but I have an _ that the red globules 
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are in a hg proportion. T will not me to Gatermiss how far - 
this may aſſiſt in keeping up the animal heat; but as theſe ani- 
mals may be ſaid to live in a very cold climate or atmoſphere, 
and ſuch as readily carries off heat from the body, they may 
want ſome help of this kind. a 
It is certain that the quantity of blood in this tribe and i in 
the Seal is comparatively larger than in the quadruped, and 
therefore probably amounts to more than that of any other 
Known animal. 
This tribe differs from fiſh in „ Mie the red blood carried 
to the extreme parts of the body, ſimilar to the quadruped. 
The cavity of the thorax is compoſed of nearly the ſame 
parts as in the quadruped; but there appears to be ſome dif- 
ference, and the varieties in the different genera are greater. 
8 general cavity is divided i into vo, as in the 9 
by the heart and mediaſtinum. 
The heart in this tribe, and in the Seal, is | probibly larger 
an proportion to their ſize than in the quadruped, : as alſo the 
blood · veſſels, more eſpecially the eins. | 
The heart is incloſed in its pericardium, which is attached by 
a broad ſurface to the diaphragm, as in the human body. It is 
compoſed of four cavities *, two auricles, and two ventricles : 
it is more flat than 1 in the quadruped, and adapted to the ſhape 
of the cheſt. The auricles have more faſciculz, and theſe 
paſs more acroſs the cavity from fide to fide than in many othet 
animals; beſides, being very muſcular, they are very elaſtic, 


* As the circulation is a permanent part of the conſtitution reſpecting the 
claſs to which the animal belongs, and as the kind of heart correſponds with the 
circulation, theſe ſhould be confidered in the claſſing of animals. Thus we have 
animals whoſe hearts have _y one cavity, others with Sans. three, and four 
Avities. 

| jor 


th the 


; have 


— 


is nothing uncommon or particular in the ſtructure of the ven; 
tricles, in the valves of the ventricles, or in that of the arteries. 


likewiſe ſimilar. 


of arterial blood ſeemed to be required in a part, and vaſcularity 


could not be the only object. Thus we find, that the intercoſtal | 


arteries divide into a vaſt number of branches, which run in a 


ſerpentine courſe between the pleura, ribs, and their muſcles, F 


making a thick ſubſtance ſomewhat ſimilar to that formed by the 


| ſpermatick artery in the Bull. Thoſe veſſels, every where lining a 
tho ſides of the thorax, paſs in between the ribs near their arti - 
culation, and alſo behind the ligamentous attachment of the ribs, 
and anaſtomoſe with each other. The medulla ſpinalis is ſur- 
tounded with a net-work of arteries in the ſame manner, more 
eſpecially where it comes out from the brain, where a thick ſub- 
ſtance is formed by their ramifications and cquvolutions; and 
theſe veſlels moſt probably anaſtomoſe with thoſe of the thorax. 
The ſubclavian artery in the Piked Whale, before it paſſes 
over the firſt rib, ſends down into the cheſt arteries which 
aſſiſt in forming the plexus on the infide of the ribs; I am not 


certain but the internal mammary arteries contribute to form 


the anterior part of this plexus. The mation of the blood in 5 


ſuch muſt be very flow; the uſe of which we do not readily ſee, 


The deſcending aorta ſends off the intercoſtals, which are very 


large, and give branches to this plexus; - and when it has reached 


the abdomen, it ſends off, as in the quadruped, the different 
branches 


Vol. LXXVn. Nun 


The general ſtructure of the arteries reſembles that of other 
| animals; and where parts are nearly ſimilar, the diſtribution is 


The aorta forms its uſual curve, and ſends 
off the carotid and ſubclavian arteries. 


Animals of this tribe, as has been obſerved, "BER a greater 
proportion of blood than any other known, and there are many 
arteries apparently intended as reſervoirs, where a larger quantity. 


e dnt Octiany of Whales, | wa _ 
for « being ſtretched they contract again very confiderably. There 
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| . branch es to the viſcera, and the lumbar ar teries, which are ke. 
wiſe very large for the ſupply of * went maſs of * 


been aceuſtomed to ſee them in thoſe which are ſmall or middle. 
ized, we behold them with - aſtoniſhment in animals ſo far 


and aorta of the Spermaceti Whale appeared prodigious, being 
too large to be contained in a wide tub, the aorta mea- 
furing a foot in diameter. When we confider theſe as applied 


tenoid cartilages, with the epiglottis. It varies very much in 
ſtructure and ſize, when compared in animals of different 


which moves the tail. 1111 4 
In our examination of 8 parte, hs ze as - which ; is 
3 regulated by that of the whole animal, if we have only 


1 


exceeding the common bulk a8 the Whale. Thus the heart 


to the circulation, and figure to ourſelves, that probably ten 
or fifteen gallons of blood are thrown. out at one ſtroke, and 
moved with an immenſe velocity through a tube of a foot dia- 
meter, the whole idea fills the mind with wonder. 
The veins, [ believe, have nothing particular in their ſtruc- 
ture, excepting in parts requiring a peculiarity, as in the folds 
of the ſkin on the breaſt in the Piked Whale, where their elaſti- 
city was to be increaſed. 


Of Fa Larynx. | 82 84 


The larynx in moſt animals living on land ĩ is a compound 
organ, adapted both for reſpiration, deglutition, and ſound, which 
laſt is produced in the actions of reſpiration ; but in this tribe 
the larynx, I ſuppoſe, is only adapted to reſpiration, as we do 
know that they have any mode of producing ſound. 

It is compoſed of os hyoides, thyroid, cricoid, and two ary- 


genera. Theſe cartilages were much ſmaller in the Bottle- 
noſe. of twenty-four feet long, than in the Piked Whale of 


teventeen feet, while the os hyoides was much larger. 
55 In 


|  SiruBure a a of Whales. 
in the Bottle · noſe, the os hyoides is compoſed of three 


Whale, &c. it. is but one bone, lightly bent, having a broad 


attachment to the head by means of other bones, as in many 
quadrupeds. | | 

The thyroid came in the Piked Whale i is breed from fide 
to fide, but not from the upper to the lower part: it has two 
lateral proceſſes, which are long, and paſs down the outſide of 
the cricoid, near to its lower end, and are Joined to it much as 


in the human ſubject. Theſe differ in ſhape in different ani- 
mals of this tribe. ED. 


The cricoid. cartilage is. broad ad flat, making the poſterior 
and lateral part of the larynx, and is much deeper behind, and 


laterally, than before. It is extremely thick and ſtrong, flat- 
tened on the poſterior ſurface, and hollowed from the upper 


edge to the lower. It terminates by a thick edge on the poſte- 
rior part above, but irregularly at the lower edge, in the carti- 


lages of the larynx. 

The two arytenoid cartilages are e extremely projecting. and 
united to each other till near their ends; are articulated on the 
upper edge of the cricoid, but ſend down a proceſs, which 

paſſes on the inſide of the cricoid, being attached to a bag in the 


Piked Whale, which is formed below the thyroid and before the 


cricoid cartilages; they croſs the cavity of the larynx obliquely, 
making the paſſage, at the upper part, a groove between them: 


the cavity at this place ſwells out laterally, but 1s very narrow _ 
between the anterior and poſterior ſurfaces. The paſſage above 
between the arytenoid and thyroid cartilages is wide from fide - 
to fide, and i is continued down on the outſide of the proceſſes of 


417 * 


bones, beſides two whoſe ends are attached to it, being placed 
above the os hyoides, making five! in all. In the Porpoiſe, Piked 


thin proceſs paſſing up, which is a little forked: it has no 
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tachment (in which there are in ſome lymphatic glands) te 


* 


. . Horne? : Obſervations on bu . 
the arytenoid cartilage, as well as between them, ending below 


ba the thyroid, which is folliculated on its inner e on the 


fore part of the cricoid cartilage. 
The epiglottis makes a third part of the paſſage, and ne 


* glottis by forming it into a canal, in ſeveral of this tribe; 


but in the Piked Whale it was not attached to the two arytenoid 
cartilages, but only in contact, or incloſing them at their baſe, 
ſo as to make them form a complete canal. 
I could not obſerve any thing like a thyroid. gland. 
From the glottis and epiglottis being ſo connected as to make 


but one canal, and from the thyroid and cricoid cartilages 
being ſo flattened in ſome between the anterior and poſterior 
ſurface, the paſſage through theſe parts is very ſmall or con- 
tracted; but the trachea ſwells out again into a very conſidera- 
ble fize. Its larger branches are in proportion to the trunk, 
and' enter the * at the upper end n with the blood- 

veſſels. | 


of the Lungs. 
The lungs : are two oblong bodies, one on each fide of the 


cheſt, and are not divided into ſmaller lobes, as in the human 


ſubje&. They are of conſiderable length, but not ſo deep 


between the fore and back part, as in the quadruped, from the 
heart being broad, flat, and of itſelf filling up the fore part of 
the cheſt. They paſs further down on the back part than in the 


quadruped, by which their ſize is increaſed, and rife higher up 
in the cheſt than the entrance of the veſſels, coming to a point 
at the upper end. From the entrance of the veſſels they are 
connected downwards, along their whole inner edge, by a ſtrong 


the 
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the "ſetter mediaſtinum. The lungs are extremely elaſtic i in 
their ſubſtance, even ſo much ſo as to ſqueeze out any air that 
may be thrown into them, and to become almoſt at once 4 
ſolid mafs, having a good deal the appearance, conſiſtence, and 
feel of an ox's ſpleen. The branches of the bronchiz which 
ramify into the lungs have not the cartilages flat, but rather 
. rounded; a conſtruction which admits of . motion be- 
tween each. 
The pulmonary cells are ſmaller a in quadrupeds, which 
may make leſs air neceflary, and they communicate with each 
other, which thoſe of the quadruped do not; for by blowing 
into one branch of the trachea, not only the part to which it 
immediately goes, but the whole lungs are filled. 
As the ribs in this tribe do not completely make the cavity 
of the thorax, the diaphragm has not the ſame attachments as 
in the quadruped, but is connected forwards to the abdominal 
muſcles, which are very ſtrong, . 2 mixture of muſcular 
| and tendinous fibres. 
The poſition of the dia phragm is lefs tran frerſe than in the 
quadruped, paſſing more obliquely backwards, and coming very 
low on the ſpine, and higher up before; which makes the cheſt 
longeſt in the direction of the animal at the back, and gives 5 
room for the lungs to be continued along the ſpine. | 

The parts immediately concerned in inſpiration are extremely 
ſtrong; the diaphragm remarkably ſo. The reaſon of this 
muſt at once appear; it necefſarily requiring great force to ex- 
pand in a denſe medium like water, eſpecially too when the 
vacuity is to be filled with one which is rarer, and is to water a 
ſpecies of vacuum, the preſſure being much greater on the 
external ſurface than the counter- preſſure from within. But 


en on the other hand muſt be much more eaſily per- 
formed; : 


* 0 
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the preſſure of the water on the external ſurface of the body, 
being greater than the reſiſtance of the air from within, will 
doth tend to produce en without * immediate action 
Re muſcles. 

The diaphragm, in theſe kak, appears t to hs the N 
agent in inſpiration; and the cavity of the thorax not being in- 
tirely ſurrounded by bony parts, is of courſe leſs eaſily expanded, 
and the apparatus for its expanſion in all directions, as in the 
| quadruped, does not i here. 
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The Blow-hole, or Paſſage for the Air. 


* 


As the 1008 in every animal that breathes air is a common 
= ky for the air, and is alſo the organ of ſmelling; 11 ſhall 
deſcribe it in this tribe as inſtrumental to both theſe purpoſes. 
There is a variety in ſome ſpecies of this animal which is, I 
believe, peculiar to this order; that is, the want of the ſenſe of 
ſmelling; none of thoſe which I have yet examined having 
that ſenſe, except the two kinds of Whalebone Whale: ſuch of 
courſe have neither the olfactory nerves, nor the organ; there- 
fore, in them, the noſtrils are intended merely for reſpiration; 
but others have the organ paced, in this pallage as in other 
animals. 5 
The membranous portion of the poſterior noſtrils is one canal; 
but when in the bony part, in moſt of them, it is divided 
into two; the Spermaceti Whale, however, is an exception. 
In thoſe which have it divided, it is in ſome continued double 
through the anterior ſoft parts, opening by two orifices, as in 
the Piked Whale; but in others, it unites again in the mem ⸗- 
branous part, making externally only one orifice, as in the 
Porpoil, 
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Porpoiſe, Grampus, and Bottle-noſe. At its * in the 
fauces, it is a roundiſh hole, ſurrounded by a ſtrong ſphincter 


muſcle, for graſping the epiglottis; beyond this, the canal 


becomes larger, and opens into the two paſſages in the bones 
of the head. This part- is very glandular, being full of fol- 


licles, whoſe ducts ramify in the ſurrounding ſubſtance, which 
appears fatty and muſeular like the root of the tongue, and 
theſe ramifications communicate with one another, and contain 


a viſcid flime. 5 555 


In the Spermaceti Whale, which has a ſingle canal, it is 


thrown a little to the left fide. After theſe canals emerge 
from the bones near the external opening, they become 
irregular, and have ſeveral ſulci paſſing out laterally, of 


irregular forms, with correſponding eminences. The ſtruc- 
ture of theſe eminences is muſcular and fatty, but leſs muſ- 


cular than the tongue df a quadruped. FOE , 


In the Porpoiſe there are two fulci on each fi de; two large 
and two ſmall, with correſponding eminences of different 


ſhapes, the large ones being thrown into folds. . The Spermaceti 


Whale has the leaſt of this ſtructure; the external opening in 


it comes farther forwards towards the anterior part of the head, 


and is conſequently longer than in others of this order. Near 
to its opening externally, it forms a large ſulcus, and on 
each fide of-this canal is a cartilage, which runs nearly its- 
whole length. Im all that I have examined, this canal, for- 
wards from the bones, 1s intirely lined with a thick cuticle of 


a dark colour. 


. 


In thoſe which have only one external opening, it is tranſ- 
verſe, as in the Porpoiſe, Grampus, Bottle-noſe and Sperma- 
ceti Whale, &c.; where double, they are longitudinal, as in 


the Piked Whale, and the large Whalebone Whale. Theſe 


openin gs. 
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- openings form a paſſage for the air in 2 to and from 
the lunge: for it would be impoſſible far theſe animals to 
breathe air through the mouth indeed, I believe, the human 
ſpecies alone breathe by the mouth, and in them it is moſtly 
from habit; for in duadrupeds the epiglottis conducts * 
8 Air into the noſe. 

In the whole of this tribe, the ſitustion of the opening on 
| the upper ſurface of the head 1 is well adapted for this purpoſe, | 
- being the firſt part that comes to the ſurface of the water in 
the natural progreſſive motion of the animal; therefore it is to 
"WM be confidered principally as a reſpiratory organ, and where it 
if - contains the organ of ſmell, that is only ſecondary. 
1 As the animals of this order do not live in the medium which 
' they inſpire, the organs conducting the air to the lungs are in 
ſome fort particularly conſtructed, that the water in which 
they live may not interfere with the air they breathe. 
The projecting glottis, which has been deſcribed, paſſes into 
the poſterior noſtrils, by which means it crofles the fauces, di- 
viding them into two paſſages. The enlargement at the termi- 
nation of the glottis, obſerved in ſome. of them, would ſeem 
to be intended to prevent its retraction; but, = it ſeems con · 
fined to the Porpoiſe and Grampus, it may, perhaps, in them 
anſwer ſome other purpoſe. 

The beginning of the poſterior noſtrils, which 1 to the 
palatum molle in the quadruped, having a ſphincter, the glot - 
tis is graſped by it, which renders its ſituation ſtill more ſecure, 
and the paſſages through the head, acroſs the fauces and along the 
[ 4 _. trachea, are rendered one continued canal; this union of glottis 
; and epiglottis with the poſterior noſtril, making only a kind of 
joint, admits of motion, and of dilatation and contraction of tho 


fauces, in deglutition, from the epig lottis moving moro in or 
out of the poſterior noſtril. 


This 
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of ſucking things into the mouth, may probably require 
the conſtruction between the air and lungs to be more perfect; 


the quadruped or in the human ſubje& ; neither is the medulla 


— & — ret 1 


— 
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"This eonſtruction of parts anſwers a purpoſe firnilar to that 


' 


of the epiglottis in the quadruped ; it may be conſidered as the 
epiglottis and the arytenoid cartilages joining, to make a 


tubular or cylindrical epiglottis, inſtead of a valvular one. 
The reaſons why there ſhould be ſo peculiar a conſtruction of 
parts do not at firſt appear; but we certainly ſee by it an 
abſolute guard placed upon the lungs, that no water ſhould get 
into them. 
This tribe being without the projecting tongue of the qua- 
druped, and wanting its extenſive motion, and the Power 


but how far it is fo, I will not pretend to ſay. 
The ſize of the Brain differs much in different genera of this 


tribe, and likewiſe in the proportion it bears to the bulk of 


the animal. In the Porpoiſe, I believe, it is largeſt, and 


perhaps in that reſpect comes neareſt to the human. 


The ſize of the cerebellum in proportion to that of the cere- 


brum is ſmaller in the human ſubject than in any animal with 


which J am acquainted. In many quadrupeds, as the Horſe, 
Cow, &c. the diſproportion 1 in ſize between cerebellum and 
cerebrum is not great, and in this tribe it is ſtill leſs; * not 
ſo ſmall as in the bird, &c. 

The whole brain in this tribe is compact, the anterior 
part of the cerebrum not projecting ſo far forwards as in either 


oblongata ſo prominent, but flat, lying in a kind of hollow 
made by the two lobes of the cerebellum. 8 


The brain is compoſed of cortical and medullary ſubſtances, 


very diſtinctly marked; the cortical being, in colour, like the 


tubular ſubſtance of a kidney; the medullary, very white. 
Vol. LXXVII. O oo Theſe 


corum, and paſſes through the whole courſe of the ventricle, 
much as in the human ſubject. 


ever ſaw it in any other animal, the fibres paſſing from the ven- 
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Theſe ſubſtances are nearly in the ſame proportion as in the 
human brain. The two lateral ventricles are large, and in 
thoſe that have ol factory nerves are not continued into them 
as in many quadrupeds; nor do they wind ſo much outwards 
as in the human ſubject, but paſs cloſe round the poſterior 
ends of the thalami nervorum opticorum. 'The thalami them- 
ſelves are large; the corpora ſtriata ſmall; the crura of the 
fornix are continued along the windings of the ventricles, much 
as in the human ſubject. The plexus choroides is attached to 
a ſtrong membrane, which covers the thalami nervorum opti- 


The ſubſtance of the brain is more vi6bly fibrous than 1 


tricles as from a center to the circumference, which fibrous 
texture is alſo continued through the cortical ſubſtance. The 
whole brain in the Piked Whale weighed four *. ten 
ounces. | 
The nerves going out from the hve, I within, are fimilar 
to thoſe of the quadruped, except in the want of the — 
nerves in the genus of the Porpoiſe. 
The medulla ſpinalis is much ſmaller i in. proportion to the 
fize of the body than in the human ſpecies, but ſtill bears ſome 
proportion to the quantity of brain; for in the Porpoiſe, where 
the brain 1s largeſt, the medulla ſpinalis is largeſt ; yet this did 
not hold good in the Spermaceti Whale, the ſize of the me- 
dulla ſpinalis appearing to be proportionally larger than the 
brain, which was ſmall when compared to the ſize of the 
animal. It has a cortical part in the center, and terminates 
about the twenty-fifth vertebra, beyond which is the cauda 
equina, the dura mater going no lower. The nerves which go 
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man ſubject; but in others, this is bone. Where it covers the 


ma fitted for the various 


Strubture a — — 7 v Whales. 


off from the medulla ſpinalis are more uniform in fize than in 
the quadruped, there being no ſuch inequality of parts, nor 
any extremities to be ſupphed, except the fins. 

The medulla ſpinalis is more fibrous in its ſtructure than in 
other animals; and when an attempt 15 made to break it longi- 
tudinally, it tears with a fibrous appearance, but W 
it breaks irregularly. 

The dura mater lines the ſkull, and forms in ſome the three 
proceſſes anſwerable to the diviſions of the brain, as in the hu- 


medulla ſpinalis, it differs from all the quadrupeds I am ac- 
quainted with, incloſing the medulla cloſely, and the nerves 


immediately paſſing out through it at the lower part, as they 
do at the upper, ſo that the cauda equina, as it forms, is on 


the outſide of the dura mater. 

As the Organs of Senſe are variouſly formed in different ani- 
modes of impreſſion; and as the 
modes are either increaſed or varied, according to circumſtances 
which make no part of the ſenſe itſelf, but which are neceſ- 


ſary for the Economy of the animal, we find the ſenſes in this 


tribe varied in their conſtrudtion, and in n ſome a ſenſe 1s even 


wholly wanting. 


The organs of ſenſe, which appear to be 4 to every 


mode of life, are thoſe of touch and taſte; but thoſe of ſmell, 


fight, and hearing, probably require to be varied according to 
circumſtances. Thus ſmell may be increaſed by a mode of 


impregnation, hearing by the vibration of different mediums, 


and fight by the different powers of refraction of different me- 
diums; therefore, as animals are intended by nature to be dif- 


ferently circumſtanced, fo are the ſenſes formed. 
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acute ſenſations of touch are required, ſuch parts are covered 


Of the Saf of d. 


The cutis in i this tribe appears, 10 . W well 
| calculated for ſenſation ; the whole ſurface being covered with 
vill, which are ſo many veſſels, and we muſt ſuppoſe, nerves. 
Whether this ſtructure is only neceflary for acute ſenſation, or 
whether it is neceſſary for common ſenſation, where the cuticle 
is thick, and conſiſting of many layers, I do not know. We may 
obſerve, that where it is neceſſary the ſenſe of touch ſhould be 
accurate, the villi are uſually thick and long, which probably 
is neceſſary, becauſe in moſt parts of the body, where the more 


by a thick cuticle. Of this the ends of our fingers, toes, and 
the foot of the hoofed animals, are remarkable examples. 5 

Whether this ſenſe is more acute in water, I am not certain, 
n TS 


of = Serft of To r. 


The tongue, which is che organ of taſte, is at endowed 
with the ſenſe of touch. It is likewiſe to be conſidered, in 
the greateſt number of animals, as an inſtrument for mecha- 
nical purpoſes ; ; but probably leſs fo in this tribe than any other. 
However, even in theſe, it muſt have been formed with this 
view, ſince, merely as an organ of taſte, it would only have re- 
quired ſurface, yet is a projecting body endowed with motion. 
In ſome, it is better adapted for motion than in others; and I 
ſhould ſuppoſe this to be requiſite, on account of the difference 
1n the ode of catching the food, and in the act of {wallowing. 
It is moſt projecting in thoſe with teeth, probably for the better 

| conducting 


any lateral edges, and its tip projecting but little, yet, like 
every other tongue, compoſed of muſcle and fat. The extent 


| bone, ſo that the ſpace between, When the mouth is ſhut, muſt 


"retire and Ong of Wadi, 


tongue in thoſe which have no teeth, and catch their food by 
merely opening the mouth, and {ſwimming upon it, or by 


having their prey carried in by the water. In the Porpoiſe and 


Grampus it is firm in texture, compoſed of muſcle and fat, 
being pointed and ſerrated on its edges, like that of the Hog. 

In the Spermaceti Whale the tongue was almoſt like a feather- 
bed. In the Piked Whale it was but gently raiſed, hardly having 


between the two jaw bones in this Whale was very conſidera- 
ble, taking in the whole width of the head or upper jaw, and 


of courſe including the whalebone. This extent of ſurface, 


between Jaw and jaw, having but little projection of tongue, 


is almoſt flat from fide to fide, is extremely elaſtic when con- 
trated, and throws the inner membrane into a vaſt number of 
very fmall folds, that run parallel to one another, but which 
are again thrown into a cloſe ſerpentine courſe by the elaſticity 
of the part in a contrary direction. From the tongue being 
capable of but little motion, there 1s only a ſmall maſs of 
muſcle required; and from the thinneſs of the jaw bones, the 


diſtance between the lower ſurface of the mouth and external 
ſurface of the ſkin is but ſmall ; and this ſkin being ribbed, and 


very elaſtic, 1s capable of conſiderable diſtention, by which. the 


cavity of the mouth can be enlarged. 

The tongue of the-large Whalebone Whale, 1 ſhould 9 
poſe, roſe in the mouth confiderably ; the two jaws at the 
middle being kept at ſuch a diſtance on account of the whale- 


be filled up. by the tongue. 


"oo 
conducting the food, ſtep by ſtep, to the eſophagus ; whereas, | 


it does not ſeem ſo neceſſary to have ſuch management of the 
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4 In this tribe of animals Gato 1 18 fornething very remarkable 
in what relates to the ſenſe of ſmelling ; nor have I been able 
do diſcover the particular mode by which it is performed. 
E: When we conſider theſe animals as quadrupeds, and only 
conſtructed differently in external form for progreſſive mo- 
tion through water, we muſt ſee. that i it was neceſſary that all 
the ſenſes ſhould correſpond with this medium : we muſt 
therefore be at a loſs to conceive how they ſmell, fince we may 
' obſerve, that the organ for ſmelling water, as in fiſh, is very 
different from that formed to ſmell air; and as we muſt ſuppoſe 
this tribe are only to ſmell water, being the medium in which 
 fuch .odoriferous particles can be diffuſed, we ſhould expect 
their organ to be ſimilar to that of fiſh ; but in that caſe nature 
would have been obliged to have attached the noſe of a fiſh to 
an animal conſtructed like a quadruped ; and it is contrary to 
the laws which are eſtabliſhed in the animal creation to mix 
| parts: of different animals together. 
In many of this tribe there is no organ of ſmell at all; and in 
thoſe which have ſuch an organ, it is not that of a fiſh, therefore 
-probably not calculated to ſmell water. It becomes difficult, there- 
fore, to account for the manner in which ſuch animals ſmell the 
water; and why the others ſhould not have had ſuch an organ 


ls the mode of ſmelling in fiſh ſimilar to taſting in other animals? Or is the 
air contained in the water impregnated with the odoriferous parts, and this air 
the fiſh ſmells? If fo, it is ſomewhat ſimilar to the breathing of fiſh, it not 
being the water which produces the effect there, but the air contained in it. 

This I proved by experiments, and is mentioned by Dr. PRIESsTLEx. 
Which, 


FY 


3 uces ſmell, I believe it is the air retained in the noſtril 


| ſmell the odoriferous particles of their prey in the water at an - 
depth; and as their organ is not fitted to be affected by the ap- 


feet high: t 


not immediately evident to us. 


I conceive the ſmelling of the external air could not be of uſe 
nas a ſenſe. I therefore believe, that they do not ſmell in inſpi- 
ration; yet let us conſider how they may. be ſuppoſed to ſmell 
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bone W hales. 
Although it is not the external air which they inſpire ws 


out of the current of reſpiration, which by being impregnated 
with the odoriferous particles contained in the water during the 
act of blowing, is applied to the organ of ſmell. It might be 


ſuppoſed, that they could ſmell the air on the ſurface of the 


water by every inſpiration, as animals do on land; and pro- 
bably they may: but this will not give them the power to 


plication of water, and as they cannot ſuck water into the noſtril, 


without the danger of its paſſing into the lungs, it cannot 
be by its application to this organ that they are enabled to ſmell, 


Some have the power of throwing the water from the mouth | 
through the noſtril, and with ſuch force as to raiſe it thirty 
this muſt anſwer ſome 1 important * although 


As the organ appears to be formed to ſmell air only, and as 


the odoriferous particles of the water. | 
The organ of ſmell is out of the direct ng * the current 
of air in inſpiration; it is alſo out of the current of water 


when. they ſpout; may we not ſuppoſe then, that this ſinus 


contains air, and as the water paſſes in the act of throwing it 
out, that it impregnates this reſervoir of air, which imme- 
diately affects the ſenſe of ſmell. This operation is probably 
performed in the time of expiration, becauſe it is ſaid that this 
Water: 


| Struturt and W of Whales. "" _ 1 
FShich, 1 believe, is peculiar to the large and ſmall Whale: 
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deprived of it; and the organ in thoſe which have it is ex- 


* 


1 tomb 


animals than in thoſe which live in air, ſince ſome are wholly 


tremely ſmall, when, compared with that of other animals, ag 
well as the nerve which is to receive the impreſſion, as Way 
obſerved above. | 


| 07 the Senſe / was... | 
The ear is conſtructed much upon the ſame principle as as. in the 


quadruped ; but as it differs 1 in ſeveral reſpects, which it is ne- 
ceſſary to particulariſe, to convey a perfect idea of it the whole 
ſhould be deſcribed. As this would exceed the limits of this Pa- 
per, I ſhall content myſelf with a general deſcription, taking 
notice of thoſe material points iu which it differs from that of 
the quadruped. 1 


This organ conſiſts of the rs parts as in the mw 


an external opening, with a membrana tympani, an Euſtas 
chian tube, a tympanum with its proceſſes, and the ſmall 
bones. There is no external projection forming a funnel, but 


merely an external opening. We can eaſily aſſign a reaſon 


' why there ſhould be no projecting ear, as it would interfere 


with progreflive motion; but the reaſon, why it is not formed 


as in birds, is not ſo evident; whether the percuſſions of was 


ter could be collected into one point as air, I cannot ſay. The 


eympanum is conſttucted with irregularities, ſo much like 
thoſe of an external ear, that I could ſuppoſe it to have a ſimi- 


lar effect. 
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wlotigu zul, then WR choſe which, doin the 
organ of ſmelt can ſpout, a fact worthy: of enquity. 
The organ of ſmell would appear. to be leſs neceſſary in theſe. 


The. 
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| The exterial cpening begins by a ſimall hole ae percep- a 
ible, ſituated on the fide of the head a little behind the eye. It ia 
much longer than in other animals, in conſequence of the fize of 
the head being ſo much increaſed beyond the cavity that contains 
the brain. It paſſes in a ſerpentine courſe, at firſt horizontally, 
then downwards, and afterwards horizontally again, to the mem- 
brana tympani, where it terminates. In its wholeTength it is com- 
poſed of different cartilages, which are irregular and united toge- 
ther by cellular membrane, ſo as to admit of motion, and probably 
of lengthening or {Hortening, as the animal is more or leſs fat. 
The bony part of the organ is not ſo much incloſed in the 
bones of the ſkull as in the quadruped, conſiſting commonly 
e Wof a diſtin& bone or bones, cloſely attached to the ſkull, but 
in general readily to be ſeparated from it; yet in ſome it ſends 
off, from the poſterior part, proceſſes which unite with the ſkull. 
lt varies in its ſhape, and is compoſed of the immediate organ 
nd the tympanum. 
f The immediate organ is, in point of ſituation to that of the 
tympanum, ſuperior and internal, as in the quadruped. The 
tympanum is open at the anterior end, where the Euſtachian 
tube begins. 
The Euſtachian tube opens on the outſide of the upper part 
of the fauces: in ſome higher in the noſe than others; 


tympanum, where it is rather largeſt, it pafſes forwards and 
inwards, and near its termination appears very much faſcicu- 
ated, as if glandular. 

The Euſtachian tube and tympanum communicate with ſeve- 
tal ſinuſes, which paſſing in various directions ſurround the 
bone of the ear. Some of theſe are cellular, ſimilar to the 
eells of the maſtoid proceſs in the human ſubject, although 
not bony, There is a portion of this cellular ſtructure of a 

Ver, LXXVII. P p 5 parti- 
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bigheſt, I believe, in the Porpoife. From the cavity of the 


having a particular form would incline us to — that ſome- 


animal ſubſtance in it; for when ſteeped in an acid, what re- 


drupeds, it being thick and maſly. 


upon itſelf, attached by one end to the portion which contains 
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rounded than having flat ſides “. Ove of. the finuſes paſſing: 
out of the tympanum cloſe to the membraua tympani, goes x 


* Hon vzr- s Obfrvwton on 0 "x 


little way in the ſame ee and ebmmuiycates with a 
number of cells. | 


The whole function of the Boftochian: W is e not 
known ; but it is evidently a duct from the cavity of the ear, 
or a paſſage for the mucus of theſe parts; the external opening 


thing was conveyed to the tympanum. 

The bony part of the organ is very hard and brittle, ren- 
dering it even difficult to be cut with a ſaw, without its chip- 
ping into pieces. That part which contains the immediate Or- 
gan is by much the hardeſt, and has a very ſmall portion of 


mains is very ſoft, almoſt like a jelly, and laminated. The 
bone is not only harder in its ſubſtance, but there is on the 
whole more ſolid bone than in the correſponding parts of qua- 


The part containing the tympanum is a thin bone, coiled 


the organ ; and this attachment in ſome is by cloſe contact 


only, as in the Narwhale; in others, the bones run into one 


another, as in the Bottle-noſe and Piked Whales. 
The concave fide of the tympanum is turned towards the 
organ, its two edges being cloſe to it; the outer is irvegular, 
and in many only in contact, as in the Porpoiſe : while in 


* Theſe communications with the Euſtathian tube may be compared to a large 
bag on the baſes of the ſkull of the Horſe and Aſs, which is a lateral ſwell of 


the membranous part of the tube, and when diſtended will contain nearly 4 
quart. 


others 


3 
_ 2 


ts * 


2 — — fv Whales, 


IM the union is by bony continuitzngia as in the Bottle-nofe : 
Whale, leaving a paſſage on which the membrana tympani 
is ſtretched, and another opening; which f is the communica- 
tion with the ſinuſes. 4 * 
I !be ſurface of the bone containing the immediate organ op- 
polite to the mouth of the tympanum is very irregular, having a 
number of eminences and cavities. The cavity of the tym- 
panum is lined with a membrane, which alſo covers the ſmall 
bones with their muſcles, and appears to have a thin cuticle, 
This membrane renders the bones, muſcles, tendons, &c. 
very obſcure, which are ſeen diſtinctly when that is removed. 
It appears to be a continuation of the perioſteum, and the || 
only uniting ſubſtance between the ſmall bones. Beſides N 6 
the general lining, there is a plexus of veſſels, which is 1 
thin and rather broad, and attached by one edge, the reſt being 
looſe in the cavity of the tympanum, ſomewhat like the plexus : 
choroides in the ventricles of the brain. The cavity, we may 
a- ſuppoſe, intended to increaſe ſound, probably by the vibration il 
of the bone; and from its particular formation we can eaſily con- 
ed ceive, that the vibrations are conducted, or reflected, towards 
no WM the immediate organ, it being in ſome degree a ſubſtitute for 
& the external ear. 
ne | The external opening being ſmaller than i in any animals of 
the ſame ſize, the membrana tympani is nearly in the ſame 
proportion. In the Bottle-noſe Whale, the Grampus, and 
Porpoiſe, it is ſmooth and concave externally, but of a parti - 
cular conſtruction on the inner ſurface; for a tendinous pro- 
ceſs paſſes from it towards the malleus, converging as it pro- 
2 ceeds from the membrane, and becoming thinner till its inſertion 
into that bone. I could not diſcover whether it had any muſ- 
cular fibres which could affect the action of the malleus. In 
P pp 2 the 
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* ene ene 
the Piked Whale, the termination of the external opening, 
Inſtead! of being” ſmooth and concave, is projecting. and re- 
turns back into the meatus for above an inch in length, 8 
firm in texture, with thick coats, is hollow on its inſide, and 
its mouth communicating with the tympanum; one fide being 
- fixed to the malleus, ſimilar to the tendinous proceſs. which 
goes from the inſide of the membrana tympani in the others. 
A little way within the membrana tympani, are placed the 
ſeal bones, which are three in number, as in the quadruped, 
Mallevs, Incus, and Stapes ; but in the Bottle-noſe Whale there 
zs a fourth, placed on the tendon of the Stapedæus muſcle. 
Theſe bones are as it were ſuſpended between the bone of ths 
tympanum, and that of the immediate organ. 
The malleus has two attachments, beſides that with the-its 
cus; one cloſe to. the bone of the tympanum, which, 1 in the 
Porpoiſe, is only by contact, but in others by a bony union; 
the other attachment is formed by the tendon, above deſcribed, 
being united to the inner ſurface of the membrana tympani. 
Its baſe articulates with the incus. 
I be incus is attached by a ſmall proceſs to the tympanum, 
and is ſuſpended between the malleus and ſtapes. The proceſs 
by which it articulates with the ſtapes 3 is bent towards that 
bone. 
The ſtapes ſtands on the ales * a broad oval baſe. 
In many of this tribe, the opening from fide to fide of the 
ſtapes is ſo ſmall as hardly to give the idea of a ſtirrup. 
The muſcles which move theſe bones are two in number, 
and tolerably ſtrong. One ariſes from that projecting part of 
the tympanum which goes to form the Euſtachian tube, and 
running backwards is inſerted into a ſmall depreſſion on the 
anterior part of the malleus. The uſe of this muſcle ſeems to 
5 | be 


be to tighten the membrand tympani; ; vor | in choſe Iich Wide 
the malleus anchyloſed with the tympanum, we can hardly 


conjecture its uſe. The other has its origin from the inner 


ſurface of the tympanum, and paſſing backwards is inferted 
into the tapes by a tendon, in which 1 found a bone in the 
large Bottle-noſe. This muſcle gives the ſtapes a lateral mo- 
tion. What particular uſe in hearing may be produced by 


the action of theſe muſcles, I will not pretend to ſay; but we 


muſt ſuppoſe, whatever motion is given to the bones muſt 
terminate in the movement of the ſtapes. 


The immediate organ of hearing is contained 1 in a round, 
bony proceſs, and conſiſts of the Cochlea and Sandee 
Canals, which ſomewhat reſemble the quadruped ; but, befides 


the two ſpiral turns of the cochlea, there is a third, which 


makes a ridge within that continued from the foramen rotun- 


dum, and follows the turns of the canal. 


The cochlea is much larger, when compared with the ſerni- 


circular canals, than in the human ſpecies and quadruped. 
We may reckon two paſſages into the immediate organ of hear- 


ing, the foramen rotundum, and foramen ovale. They are at a 


greater diſtance than in the quadruped. The foramen rotundum 
is placed much more on the outer ſurface of the bone, and not 


in the cavity of the bony tympanum ; but may be faid to com- 
municate with the ſurrounding cellular part of the tympanum. 
The foramen rotundum, which is the beginning of one of 


theſe turns, appears to be only one end of a tranſverſe 
groove, which 1s afterwards cloſed in the middle, forming a 
canal with the two ends open; fo that this foramen appears 
to have two beginnings; but the other opening is probably 
only a _ for blood-veilels going to the cochlea, 


From 
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begins from the veſtibulum. The cochlea is a ſpiral-canal coiled 
within itſelf, and divided into two by a thin ſpiral. bony plate, 
which is compleated in the recent ſubject, and forms two per- 
fe& canals. 


In the recent ſubject, the foramen rotundum i is lined with 


the membrane of the tympanum, which terminates in a blind 


end, forming a kind of membrana cochlez. The other open- 
ing, in the recent ſubject, communicates with the ſpiral turn, 
beyond the membranous termination of the foramen rotundum. 


The foramen ovale has a little projection inwards all round, 
on which the ſtapes ſtands: within this is the veſtibulum, 


which is common to the other ſpiral turn of the cochleæ, and 


the ſemicircular canals; this canal of the cochlea paſſes out 
firſt in a direction contrary to its general courſe, but ſoon 
makes a turn into the ſpiral. It is round, and not merely a 


diviſion of the cochlea into two by a ſeptum, but has a mem- 


brane of its own, which is attached to the thin bony plate, 


and lines that part of the cochlea in ſuch a manner as to re- 
tain its ſtructure when the bone i is removed. The cochlea in 


ſome compleats one turn and an half; in others, more. It is 
not a ſpiral on a plane, or cylinder, but on a cone. 


rotundum, we ſee two ſmall ridges; the uppermoſt is the 
ſwell of the canal from the veſtibulum juſt deſcribed ; the 


ſeptum between the two; a circumſtance, I believe, peculiar 
to this tribe. Its beginning is cloſe to the veſtibulum, but does 
not open from it, and paſſes along the firſt deſcribed ſpiral 

6 turn 
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From this foramen begins the inner turn of the cochlea, 
"wich is the largeſt, eſpecially at its beginning z the they 


I have already obſerved, that by looking in at the foramen 


lower ridge, which is alſo a canal, may be obſerved juſt to 
paſs along the foramen belonging to this canal, cloſe to the 
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Structure and Oeranomy of Whales.” * Ny 
turn to its apex: when opened, it appears to be a canal full 


of ſmall perforations, probably the pallages of the branches 
from the auditory nerve. 


This bony proceſs has ſeveral perforations i in it; one of them 


large, for the paſſage of the ſeventh pair of nerves. The fize 
of the portio mollis, before its entrance into the organ, 1s very 
large, and bears no proportion to that which enters. The 
paſſage for this nerve is very wide, and ſeems to have an irre- 
gular blind conical, and ſomewhat ſpiral, termination; its 
being ſpiral ariſes from the cloſeneſs to the point of the cochlea. 
In the terminating part there are a number of perforations 
into the cochlea, and one into the ſemicircular canals, which 


afford a paſſage to the different diviſions of the auditory nerve. 


There 1 is a conſiderable foramen in its anterior ſide near the 


bottom, for the paſſage of the portio dura, and which is con- 


tinued backward to the cavity of the tympanum near the ſtapes,, 
and . near the poſterior. and upper part of this bone. 


/ the Organ f Seeing... 


The eye in chis tribe of animals is . upon nearly” | 
the ſame principle as that of quadrupeds, differing, however, 
in ſome circumſtances; by which it is probably better adapted 
to ſee in the medium through which the light is to paſs. It 


is. upon the whole ſmall for the ſize of the animal, which 


would lead to the ſuppoſition, that their locomotion is not 
great; for, I believe, animals that ſwim are in this reſpe& 


fimilar to thoſe that fly; and as this tribe come to the ſurface 
of the medium in which they live, they may be conſidered in 


the ſame view with birds which ſoar; aud we find, birds 
that 
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That fly to great heights, and move through a conſiderable 


looſe cellular membrane, as in quadrupeds, but rather of the com- 


of their circumference with the common integuments is 
looſe, the cellular membrane being leſs loaded with oil, which 
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ſpace, in- ſearch of. food, have their 108 larger i in proportion 


to their ſize. 


The eyelids ne but little motion, and do not conſiſt of 


mon adipoſe membrane of the body ; the connexion, however, 


allows of a flight fold being made upon the ſurrounding parts 


in opening the eyelids. This 1s not to an equal degree in them 


all, being leſs ſo in the Porpoiſe than in the Piked Whale. 


The tunica conjunctiva, where it is reflected from the eyelid 
to the eyeball, 1s perforated all round by ſmall orifices of the 


ducts of a circle of glandular bodies lying behind it. 


The lachrymal gland is ſmall; its ufe being ſupplied by thoſe 


above-mentioned ; and the ſecretion from them all, I believe, 


to be a mucus ſimilar to what is found in the Turtle and Cro- 


codile. There are neither puncta nor lachrymal duct, ſo that 
the ſecretion, whatever it be, is waſhed off into the water. 


The muſcles which open the eyelids are very ſtrong: they 


. take their origin from the head, round the optic nerve, which 
in ſome requires their being very long, and are ſo broad as 
almoſt to make one circular muſcle round the whole of the 


interior ſtraight muſeles of the eye itſelf. They may be di- 
vided into four; a ſuperior, an inferior, and one at each 


angle: as they paſs outwards to the eyelids, they diverge and 
become broader, and are inſerted into the inſide of the eyelids 


almoſt equally all round. They may be termed the dilatores of 


the eyelids; and, before they reach their inſertion, give off 
the external ſtraight muſcles, which are ſmall, and inſerted 


into the {clerotic coat ; before the tranſverſe axis of the eye: 


thele 
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theſe tnay be named the elevator, depreſſor, adductor, and ab- 

ductor, and may be diſſected away from the others as diſtinct 
muſcles. Beſides theſe four going from the muſcles of the 
eyelid to the eye itſelf, there are two which are larger, and in- 
cloſe the optic nerve with the plexus. As theſe paſs outwards 
they become broad, may in ſome be divided into four, and 

are inſerted into the ſclerotic coat, almoſt all round the 6 

rather behind its tranſverſe axis. 
The two oblique muſcles are very hag: they. paſs chai E 

the muſcles of the eyelids, are continued on to the globe of 1 

the eye, between the two ſets of ſtraight muſcles, and at 

their inſertions are very broad; a circumſtance. which gives 

2 variation to the motion of the eye. 

The ſclerotic coat gives ſhape to the eye, both externally 
and internally, as in other animals; but the external ſhape and 
that of the internal cavity are very diſſimilar, ariſing from 
the great difference in the thickneſs of this coat in different 
parts. The external figure is round, except that it is a little 
flattened forwards ; but that of the cavity is far otherwiſe, ; 
being made up of ſections of various circles, being a little 
lengthened from the inner ſide to the outer, a tranſverſe ſection 

making a ſhort ellipſis. | OE OP. 

In the Piked Whale the long axis is two inches and threes 
quarters, the ſhort axis two inches and one-eighth. 

The poſterior part of the cavity is a tolerably regular curve, 
anſwering to the difference in the two axiſes; but forwards, . 
near the cornea, the ſclerotic coat turns quickly in, to meet 
the cornea, which makes this part of the cavity extremely flat, 
and renders the diſtance between the anterior part of the ſcle- 
Vol. LXXVII. Qqq . rotic.” 71 
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| _ rotic coat and the bottom of the 1 not above an inch and 
a x quarter: - I | 


- In the Piked Whale thi ſelerotic coat, at its poſterior part, 


is very thick: near the extreme of the ſhort axis it was 
half an inch, and at the long axis one-eighth of an inch 
thick. 
axis was half an inch thick, and the extremes of the long axis 
about a quarter of an inch, or half the other. 


The ſclerotic coat becomes thinner as it approaches to its 
union with the cornea, where it is thin and ſoft. It is extremely 
firm in its texture, where thick, and from a tranſverſe ſection 
would ſeem to be compoſed of tendinous fibres, intermixed 
with ſomething like cartilage ; in this ſection four paſſages for 
veſſels remain open. This firmneſs of texture precludes all 


25 effect of the ſtraight muſcles on the globe of the eye, by alter- 


objects, as has been ſuppoſed to be the caſe in the human eye. 
The cornea makes rather a longer ellipfis than the ball of the 


ſmaller than that of the eyeball, is ſoft and very flaccid. 
The tunica choroides reſembles that of the quadruped ; and 


its inner ſurface i is of a filver hue, we! any nigrum pig- 


men tum. 


The nigrum pigmentum only covers | the ciliary proceſſes, 
and lines the inſide of the iris. 


The retina appears to be nearly fimilar to that of the qua- 
druped. 
The arteries going to the coats of the eye form a plexus 


paſſing round the optic nerve, reſembling, in its appearance, that 


of the ſpermatic artery in the Bull and ſome other animals. 
The 


In the Bottle-noſe Whale, the extreme of the ſhort 


ing its ſhape, and adapting its focus to different diſtances of 


eye; the fides of which are not equally curved, the upper 
being moſt conſiderably ſo. It is a ſegment of a circle ſomewhat 
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Struture and Oeconomy of Whales. 
The cryſtalline. humor reſembles that of the quadruped ; 


thoſe I have examined having been kept too long to preſerve 
their exact ſhape and fize. The vitreous humor adhered to the 
retina at the entrance of the optic nerve. 


The optic nerve is very long in ſome „ owing to the vaſt 
width of the head. 


I ſhall not at preſent conſider the eye in animals of this tribe, 


neral principle common to every animal inhabiting the water; 
more eſpecially as I am only maſter of the conſtruction and for- 
mation of the eye, and not of the ſize, ſhape, and denſities of the 
humors; yet, from reaſoning, we muſt ſuppoſe them to cor- 
_ reſpond with the ſhape of the eye, and the medium through, 
which the licht is to 8 


N Of the Parts of Generation. 


mals come nearer in form to thoſe of the ruminating than of any 
others; and this ſimilarity is, perhaps, more remarkable in the 
female than in the male; for their ſituation i in the male muſt 
vary on account of external form, as was before obſerved. 

The teſticles retain the ſituation in which they were formed, 


ſerotum. They are ſituated near the lower part of the abdo- 
men, one on each ſide, upon the two great depreſſors of the 
tail. At this part of the abdomen, the teſticles come in contact 
with the abdominal muſcles anteriorly. _ 

The vaſa deferentia paſs directly from the epididymis behind 
the bladder, or between it and the rectum, into the urethra; 
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but whether it is very convex'or flattened, I cannot determine, 


as it reſpects the power of viſion, that being performed on a ge- 


The parts of generation in both ſexes of this order of ani- 


as in thoſe quadrupeds 1 in which they never come down into the 


- 


xt ks — s 's Obſervation mow -  - 
| and there are no bags bmilar to thaſs called vebeube ſeminales 
; $3 in certain other animals. . 
I ꝰ be ſtructure of the penis is ts the ame in thens all, 
3 and formed much upon the principle of the quadruped. It is 
made up of two crura, uniting into one corpus cavernoſum, and 
| the corpus ſpongioſum ſeems firſt to enter the corpus caver- 
noſum. In the Porpoiſe, at leaſt, the urethra is found nearly 
in the center of the corpus cavernoſum; but towards the 
glans ſeems to ſeparate or emerge from it, and becoming a 
diſtinct ſpongy body, runs along its under ſurface, as in qua- 
drupeds. The corpus cavernoſum in ſome is broader from the 
upper part to the lower than from fide to fide ; but in the Por- 
poiſe has the appearance of being round, becoming ſmaller for- 
wards, ſo as to terminate almoſt in a point ſome diſtance from 
the end of the penis. The glans does not ſpread out as in many 
quadrupeds, but ſeems to be merely a plexus of veins covering 
the anterior end of the penis, yet is extended a good way fur- 
ther on, and is in ſome no more than one vein deep. 
The crura penis are attached to two bones, which are nearly 
in the ſame ſituation and in the ſame part of the pelvis as thoſe 
to which the penis is attached in quadrupeds; but theſe bones 
are only for the inſertion. of the crura, and not for the ſupport of 
any other part, like the pelvis in thoſe animals which have 
; poſterior extremities, neither do they meet at the fore part, or 
Join the vertebræ of the back. 
I The erectores penis are very. ſtrong muſcles, havin g an origin 
and inſertion ſimilar to thoſe of the human ſubject. 
The acceleratores muſeles are likewiſe very ſtrong; and there 
is a ſtrong and long muſcle, arifing. from the anus, and paſſing 
forwards to the bulb of the penis, that runs along the under 
ſurface of the urethra, and 1s at laſt loſt or inſerted in the cor- 
” pus 
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ing, whoſe edges meet in two oppoſite points, and the ſides 
are rounded off, ſo as to form a kind of ſulcus. The ſkin and 
parts on each ſide of this ſulcus are of a looſer texture than on 
the common ſurface of the animal, not being loaded with oil, 

and allowing of ſuch motion of one part on another as admits 
of dilatation and contraction. The vagina paſſes upwards and 
backwards towards the loins, fo that its direction is diagonal 
reſpecting the cavity of the abdomen, and then divides into the 
| two horns, one on each fide of the loins; 
| terminating in the Fallopian tubes, to which the ovaria are 
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the laſt are complete circles. 
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pus ſpongioſum. This muſcle draws the penis into the pre- 


puce, and throws that part of the penis that is behind its in- 


ſertion into a ſerpentine form. It is common to moſt ani- 
mals that draw back the penis into what is called the ſheath, 
and may be called the retractor penis. 


In all the females which 1 have examined, the parts of 


generation are very uniformly the ſame; conſiſting of the 
external opening, the vagina, the two horns of the uterus, 
* allopian tubes, fimbriæ, and ovaria. 

The external opening is a longitudinal flit, or was open- 


theſe afterwards 


attached. From each ovarium there is a ſmall fold of the 
peritoneum, which paſſes up towards the kidney of the ſame 


fide, as in moſt quadrupeds. 
The inſide of the vagina is ſmooth for about one-half of its 


length, and then begins to form ſomething ſimilar to valves 


projecting towards the mouth of the vagina, each. like an os 
tincz ; theſe are about ſix, ſeven, eight, or nine in number. 


Where they begin to form, they hardly go quite round, but 
At this: part too the vagina be- 
comes ſmaller, and gradually decreaſes in width to its termi- 
nation. From the laſt projecting part, the paſſage is conti- 

| nued 
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nued up to the opening of the two horns, and the inner fur. 
face of this laſt part is thrown into longitudinal ruge, which 
are continued into the horns. Whether this laſt part is to be 
reckoned common uterus or vagina, and that the laſt valvular 
part is to be conſidered as os tincæ, I do not know; but from 
its having the longitudinal rugz, I am inclined to think it 
is uterus, this ſtructure appearing to be intended for diſtinction. 

The horns are an equal diviſion of this part; they make a 
gentle turn outwards, aud are of conſiderable length. Their 
inner ſurface is thrown into longitudinal rugæ, without any 


T Os * * 
* 


ſmall protuberances for the cotyledons to form upon, as in 


thoſe of ruminating animals; and where they terminate, the 
Fallopian tubes begin. 


In the Bottle- noſe Whale, alien the F alopian tubes opened 
into the horns of the uterus, they were ſurrounded by ones 


lous bodies hanging looſe in the horns. © 


remarkably ſmall for ſome inches, and then begin to dilate 
rather ſuddenly; and the nearer to the mouth the more this 


dilatation increaſes, like the mouth of a French horn, the ter- 


mination of which is five or fix inches in diameter. They are 
very full of longitudinal ruge through their whole length. 
The ovaria are oblong bodies, about five inches in length; 


- one end attached to the mouth of the Fallopian tube, and the 


other near to the horn of the uterus. They are irregular on 
their external ſurface, reſembling a capſula renalis or pancreas. 
They have no capſula, but a is formed by the long Fal- 
lopian tube. 
How the male and female copulate, I do not know; but it 
is alledged, that their poſition in the water is erect at that 
time, which I can readily ſuppoſe may be true; for otherwiſe, 
if 


The Fallopian tubes, at their termination in the uterus, are 


* * 
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if the connexion is long, it would interfere with the act of 


Le ſpiration, as in any other poſition the upper ſurface of the 
© beads of both could not be at the ſurface of the water at the 
r 


fame time. However, as in the parts of generation they moſt 
| reſemble thoſe of the ruminating kind, it is poſſible they may 


tion; for, I believe, all the ruminants are quick in this act. 
Of their uterine geſtation I as yet know nothing; but it is 


the Bottle-noſe Whale, caught near Berkeley, which had been 
ſeen for ſome days with one young one 0 it, and they 
were both caught together. 


vary the external ſhape of the animal, and have a principal 


gland, and collecting the ſmaller lateral ducts, which are made up 


on the common trunk in the direction of the milk's paſſage, others 

as. in the contrary direction, eſpecially thoſe neareſt to the termi - 

al. nation of the trunk in the nipple. The trunk is large, and 
appears to ſerve as a reſervoir for the milk, and terminates exter- 

© nally in a projection, which is the nipple. The lateral por- 
a 


tions of the ſulcus which incloſes the nipple, are compoſed of 
parts looſer in texture than the common adipoſe membrane, 
which is probably to admit of the elongation or projection of 

1 1 
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likewiſe reſemble them in the duration of the a& of copula- 


very probable, that they have only a ſingle young one at a time, 
there being only two nipples. This ſeemed to be the caſe with 


The glands for the ſecretion of milk are two: one on each 
ide of the middle line of the belly at its lower part. The 
poſterior ends, from which go out the nipples, are on each 
fide of the opening of the vagina, in ſmall ſulci. They are 
flat bodies lying between the external layer of fat and abdo- 
minal muſcles, and are of conſiderable length, but only one- 
fourth of that in breadth. They are thin, that they may not 


duct, running in the middle through the whole length of the 


of thoſe ſtill ſmaller. Some of theſe lateral branches enter 
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the nipple. On the outſide of this there is another ſmall 
fiſſure, which, I imagine, is likewiſe intended to give greater 
facility to the movements of all theſe parts. 
The milk is probably very rich; for in that caught near 
Berkeley with its young one, the milk, which was taſted by 
Mr. Ja NNER and Mr. Loprow, Surgeon, at Sodbury, was 
rich like Cow's milk to which cream had been added. 
The mode in which theſe animals muſt ſuck would appear 
to be very inconvenient for reſpiration, as either the mother or 
young one will be prevented from breathing at the time, their 
noſtrils being in oppoſite directions, therefore the noſe of one 
muſt be under water, and the time of ſucking can only be be- 
tween each reſpiration. The act of ſucking muſt likewiſe be 
different from that of land animals; as in them it is performed 

by the lungs drawing the air from the mouth backwards into 
themſelves, which the fluid follows, by being forced into the 
mouth from the preſſure of the external air on its ſurface; 
but in this tribe, the lungs having no connexion with the 
mouth, ſucking muſt be performed by ſome action of the 
mouth itſelf, and by its having the power of expanſion. 
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THE PLATES. 


" EXPLANATIO N OF 


PLATE XVI. 


Weſtminſter Bridge in a barge. It was twenty- four feet long. 


PLATE XVII. 


Aube ſpecies of Grampus, which was e in ther river 
Thames, fifteen you ago. It was eighteen feet lon g- 


) 


PLATE XVIII. 


Berkeley. The old one was eleven feet long. : 
Fig. 2. The head of the ſame Whale as fig. 1. to ſhew the 


circular. | 


PLATE XIX. 


The Bottle noſe Whale deſcribed by Dar. It is 1 Ba to 
that of. Plate XVIII. in its general form, but has only two 
ſmall pointed teeth in the fore part of the upper jaw, and 1s 


rather lighter coloured on the belly. .It was caught above 
Rrr London 


This fiſh is called a Grampus : it was caught | in the mouth | 
of the river Thames, in the year 17 59, and, brought up to 


Fig. 1. A 4 of Bottle-noſe Whale; the Delpbinus 
Delphis of LIx Nx us. It was caught upon the ſea-caaſt, Near 
Berkeley, where it had been ſeen for ſeveral days, following i its 
mother, and was tak en along with the old one, and ſent up to 
me whole, for examination, by Mr. IXNNER, Surgeon, at 


ſhape of the blow-hole, which 1 1s: tranfyerſa, and. 2 at. 
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" Loudro Bridge 3 in the year 1783, and became the property of 
the late Mr. Alderman Puon, who very politely allowed me 

to examine its ſtructure, and to take away the bones. It was 
twenty-one feet long. g 


PLATE. XX. 


Fig. 1. The Balzena Roſtrata of FakRicrus, or Piked Whale. 
It was caught upon the Dogger Bank. It had met with ſome 
accident between the two lower jaws under the tongue, in 
which part a conſiderable collection of air had taken place, fo 
as to raiſe up the tongue and its attachments into a round body 
in the mouth, projecting even beyond the jaws. This ren- 
dered the head ſpecifically lighter than the water, ſo that it 
could not fink, and therefore was eaſily caught. 1 
It was ſeventeen feet long, and was brought to St. Ge $ 
Fi ields, where 1 purchaſed it. The dorſal fin having been cut 
off cloſe to the back, is therefore only marked by a dotted line. 
Fig. 2. A view of the tail, to ſhew 1 its breadth, 


PLATE Kxr. 


Includes the external parts of generation, with the relative 

fituation of the anus and the nipples, of the Balzna Roſtrata. 
Fi ig. I. The labia pudendi ſpread open, expoſing the meatus 

urinarius, vagina, and anus, which in a natural ſtate are all 


concealed, there only appearing a long ſlit, the two edges of 
which are in contact. 


AA. The labia pudendi. 
B. The clitoris. 
C. The meatus uriaarius. 


1 Obſervations on ancient Inkr, n the Profiſet of N 


1 4 new Method of recovering the Legibility of decayed Mri- 
. * Carla e, M. D. . v. wy] F. A. 8. 
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A BG F. k. 8. and A. 8. " to the bl of I | 
ancient MSS. a queſtion | aroſe, whether the inks in uſe = 
eight or ten centuries ago, and which are often found to 
| have preſerved their colour remarkably well, were made of 
different materials from thoſe employed in later times, of 
which many are already become ſo pale as ſcarcely to be 
read. - With a view to the deciſion of this queſtion, Mr. 
AST LE obligingly furniſhed me with ſeveral MSS. on parch- 
ment and vellum, from the ninth to the fifteenth centuries in- 
cluſively ;. ſome of which were till very black, and others of 
different ſhades of colour, from a deep yellowiſh brown to a 
very pale yellow, in ſome parts ſo faint as to be ſcarcely viſible, 
On all of theſe I made experiments with the chemical re-agents 
which appeared to me beſt adapted to the purpoſe; namely, 
alkalies both ſimple and rheine, the mineral acids, and 
infuſion of galls 
It would be tedious and ſuperfluous to enter into a de- 
tail of the particular experiments; as all of them, one in- 
ſtance only excepted, agreed in the general reſult, to ſhew, 
that the ink employed anciently, as far as the above-mentioned 


Wo 4 = 
2 MSS. Pe was of the fame nature as the te: fi 


became pale, and were at length obliterated, 
mineral acids, and the drop. of acid liquor whit 
a letter, changed to a deep blue or green on the addition of a 


others leſs. Hence it is evident, that one of the ingredients 
was iron, Which there i is no reaſon to doubt was joined with 


' - whith in ſome was a deep black, and i in others a purpliſh black, 


ther of the ingredients was aſtringent matter, which from 


WW black pigment of any ſort was diſcovered, the drop of Ty 
| which had completely extracted a letter, appearing of an uni- 
form pale ferrugineous colour, without an atom of black pon 
der, or other extraneous matter, floating in it. 


ſeemed, from what occurred to me in theſe experiments, to 
depend very much on a better preparation of the material upon 


which the writing was made, namely, the parchment or vel- 


into it the deepeſt. Some degree of efferveſcence was com- 


* b Ole ation 5 PER: — 


the letters turned of a reddiſh or yellowiſh brown with alkalies, 


with the dilute 
h had extracted 


drop of phlogiſticated alkali; moreover; the letters acquired a 
deeper tinge with the infuſion of galls, in ſome caſes more, in 


the vitriolic acid; and the colour of the more perfect MSS, 


together with the reſtitution of that colour, in thoſe which 
had loſt it, by the infuſion of galls, ſufficiently proved that ano- 


hiſtory appears to have been that of galls. No trace of a 


As to the greater durability of the more ancient inks, it 


lum; 3 the blackeſt letters being generally thoſe which had ſunk 


Orc 


monly to be perceived when the acids came in contact with the 
ſurface of theſe old vellums. I was led, however, to ſuſpe&, that 0 
the ancient inks coatained a rather lefs proportion of iron than bi 
the more modern; for in general the tinge of colour, produced "A 
by the phlogiſticated alkali in the acid laid upon them, ſeemed 

leis deep; which, however, might depend in part upon the ſt 


_” | len gth 


gd of time they had been kept; and perhaps. more gum 


| ſtrike any deeper tinge with the phlogiſticated alkali. Nothing 
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was uſed in them, or poſſibly they were waſhed over with * : 
554 of varniſh, though not ſuch as gave any gloſs. _ 

One of the ſpecimens, ſent me by Mr. As r IE proved very | 
different from the reſt. It was ſaid to be a MS. of the fifteenth 
century; and the letters were thoſe of a full engroſſing hand, 

angular, without any fine ſtrokes, broad, and very black. On 
this none of the above-mentioned re- agents produced any con- 
ſiderable effect; moſt of them rather ſeemed to make the let- 
ters blacker, probably by cleaning the ſurface; and the acids, 
after having been rubbed ſtrongly upon the letters, did not 


had a ſenſible effect toward obliterating theſe letters but what 
took off part of the ſurface of the vellum; when ſmall rolls, as 


of a dirty matter, were to be perceived. It is therefore un- 


queſtionable, that no iron was uſed in this ink; and from 
its reſiſtance to the chemical ſolvents, as well as a certain 
clotted appearance in the letters when examined cloſely, and 
in ſome places a ſlight degree of gloſs, I have little doubt but 
they were formed with a compoſition of a black ſooty or car- 
bonaceous powder and oil, probably ſomething like our preſent 


Printer's ink, and am not without ſuſpicion that they, were 
actually printed 9. 


Whilſt I was conſidering of the experiments to be made, in 
order to aſcertain the compoſition of ancient inks, it occurred 


to me, that perhaps one of the beſt methods of reſtoring legi - 


bility to decayed writing might be, to join phlogiſticated alkali 
with the remaining calx of iron; becauſe, as the quantity of pre- 


* A ſubſequent examination of a larger portion of this ſuppoſed MS. has 


ſhewn, that it is really part of a very ancient printed book. . 
calls 
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blue precipitate contains only between a fifth and a ſixth part of 


to ſhew that, in forme caſes at leaſt, the proportion of iron is 


reſulting would be much greater than the quantity of black mat- 


precipitate with iron, the metal is uſually firſt diſſolved in an acid, 
] was next induced to try the effect of adding a dilute mineral 


Epitate orned by theſe too abſtances very much Hedords that 
of the iron Note, che biific bulk of colabting matter would thereby 
be greatly augtnented. M. BNOMAN Was of opinion, that the 


its weight of iron; and though ſubſequent experiments * tend 


much greater, yet upon the whole it is certainly true, that if 
the iron left by the ſtroke of a pen were joined to the colouring 
matter of phlogiſticated alkali, the quantity of Pruſſian bluethence 


ter originally contained in the ink depoſited by the pen; though 
perhaps the body of colour might not be equally augtnented, 
To bring this idea to the tet, 8 made a few 6 as 


follows. 1 
- The phlogiſticated alkali was rubbed. 1508 "Y bare- writing, ler 
in different quantities; but in general with little effect. In a1 
few inſtantes, however, it gave a bluiſh tinge to tlie letters, 


and increaſed their intenfity, probably where ſomething-of an 2 
acid nature had contributed to the diminution of their colour. for 
Reflecting that when the phlogifticated alkali forms its blue ple 


acid to writing, beſides the alkali. This anſwered fully to my th 
expectations: ; the letters changing very ſpeedily to a deep blue 

colour, of great beauty and intenſity. It ſeems of little conſes he 
quence as to the ſtrength of colour obtained, whether the wri- 
ting be firſtwettedwith the acid, and then the phlogiſticated alkali 
be touched upon it, or whether the proceſs be inverted, begin- 

ning with the kak; but on another account, I think, the be 

0¹ 
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* -D. The opening of the 9 „ 

E. The — EE ny 
Fig. 2. The ſulcus, i in which the left nipple les ſpread open, 
* the nipple itſelf expoſed to view. 

Fig. 3. The ſulcus of the right nipple, in a natural ate, 
only appearing like a line. 

Fig. 4. A ſulcus near to the 2 which is ſpread open to 
ow the infide. This ſulcus, I conceive, gives a freedom to 
the motion of the ſkin of theſe parts, ſo as to allow the nipple 
to be more freely expoſed. = 8 

Fi 18 5. The ſame ſulcus on the oppoſite fide, cloſed up. 


PLATE XXII. 


A ſide view of one of the plates of whalebone of the Ba- — 
læna Roſtrata. | 4 
A. The part of the plate which 8 55 beyond the gum. 
B. The portion which is ſunk into the gun. « 
A white ſubſtance, which ſurrounds the EOS | 
forming there a projecting bead, and alſo pafff ng between the 
plates, to form their external lamellz. 
DD. The part analogous to the gum. 
E. A fleſhy ſubſtance, covering the jaw bone, and on which 
the inner; lamella of the plate is formed. 
F. The termination of the plate of whalebone i in a kind of 


hair. NE f * 7 N 


: PLATE XXIII. 


Fig. 24 Ads ſection of ſeveral plates of whale- 
bone in their natural fituation in the gum ; their! inner edges, 
or ſhorteſt terminations, are removed, and the cut edges of the 


plates ſeen from the inſide of the mouth. 
R cx 2 
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& The middle part thews the 


termination of each plate 18 whalebone, | 


are from each other.. 


« . 


The lower patt- ſhews the ie Kubſtatice: in whi 
bro, and alſo the baſis on which they nl. as 
Fig. 2. An outline conſiderably magnified, to ſhew the ods 
of 5 5 of the plates, and of the white intermediate ſubſtance. 
; The middle layer of the plate, which is formed upon a 
as or cone that paſſes up in the centre of the * "The 
termination of chis layer forms the har. 
B. One of the outer layers, which grows, or is formed; ; from 
the intermediate white ſubſtance. 8 
c. The intermediate white + ſubſtance, | lamine of f which 


plate X whallebote. 855 1 

"| The outline of another "OT of ede 
E. The baſis on which the 7 are n which adhere 4 
46 the Jaw bone. 7 en ae 


very. top 
I have bom ore ſeveral times“ The 
boats agg been out ; but I believe they are Afraid 
46 gonear;ber.—A. Whale appearing.on- our — | 
is A Lare phenomenon, The moſt nl 
inſtanes — kf happened of this ſort, was 
z, after a hard pale of wind 
 north*fly ; when no leſs than twelve whales, 
which, ndoabtedly came out of the northern 
; _ Were towed and driven og ſhore at the fol- 
1 places ; all of them dead, and in a high 
| late * Fl — one. | 
i Near. Lynn in Norfolk, - *__ | 
"2 Onghacorf of 0 e | 
rehinton ia the Iſle of Thanet.—Tve | 
one of theſe, about 58 feet lng, | 
1 preft. cufiofity, hs been many - years * 
| ; Bel at Rackftrow” s Muſeum, F ra era £. =y 
2 At Broadſtairs, near the North Foreland, 
I At the Hope Point, in the River og 
+ This was the 2 one that was ſeen alve. He 
4 - azrouns,, add ſmothered himſelf in de 
1 yak o 
'v Genen Dock. . 
RET „ 
2 On the Coaſt of Had. . 1 
2 "Theſe were all of .the Spermaceti Kia, "and A 
| of the male gender. 1 
The writer cf thefe piragraphs- cut up two of: i 
* Thales; uy dimenſions of the largeſt whale | 1 
was ENESI - A *5 
- Length | 2 TE: of bx *1 | 
Depth, or Sr Fr Back to Belly 18 
- Breadth of the tail f. om fork to fork 15 
Length of the under ja 14 
"Which contained 43 teeth. 5 83 5 
he bone to which the tail was annexed, 
| meaſured three feet in circumference, and was | 
cut through with a A. The cavity of the head 
' bone, was capatious enough for three or four 
men to fit in, —The eyes were not much larger 
than thoſe of an ox, and were placed about 3 
feet from the noſe.— he blubber, and the Sper- | 
1 and oil that was produced from the body } 
of this,” and another whale 54 feet long, filed 
26 beer butts, and about 20 Iceland barrels. 
The great hh was in ſuch a ſtate of fermentation | 
Fax putre faction, that the oil ran out at "many 
| ruptured parts of his body, quite clear, and warm 
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latter way FS 5 For the principal inconvenience. which 
occurs in the propaſed method of reſtoring MSS. is, that the 


colour EY . and ſo how blots the parchment, 


A in »leſy . when the Mold i is n on \ firſt, and the 
dilute acid is added upon it. The method I have hitherto 
found to anſwer beſt has been, to ſpread the. alkali thin with 
a feather over the traces of the letters, aud then to touch it 
gently, as nearly upon or over the letters as can be done, with 
the diluted acid, by means of a feather, or a bit of ſtick cut 
to a blunt point.. Though. the. alkali has occaſioned no ſenſible 
change of colour, yet the moment that the acid comes upon 
it, every trace of a letter turns at once to a fine blue “, 
which ſoon acquires its full intenſity, and is beyond compari- 
ſon ſtronger than the colour of the original trace had been. 
If now the corner of a bit of blotting paper be carefully and 
dexterouſſy applied near the letters, ſo as to ſuck up the 
ſuperfluous liquor, the ſtaining of the parchment may be in 
great meaſure avoided : for it is this ſuperfluous liquor, which, 
abforbing part of the colouring matter from the letters, be- 
comes a ye to whatever it touches. Care muſt be takes. not 


* The — (which is is to o he 3 Fr as 4 a 
to confiſt of a peculiar acid, in the preſent extenſive acceptation of that tem, 
joined to the alxali. Now the theory of the above-mentioned proceſs I take to 
de, that the mineral acid, by its ſtronger attraction for the alkali, diſlodges the 
colouring (Pruffian) acid, which then immediately ſeizes on the. calx of jron, and 
converts it into Pruſſian blue, without moving it from its place. But if the 

mineral acid be put upon the writing firſt, the calx of iron is partly diſſolved and 
diffuſed by that liquor before the Pruſſian acid combines with it; whence the 
edges of the letters are rendered more. indiſtinct, and the parchment is more 
tinged. The ſudden evolution of fo-a fine colour, upon the mere traces of letters, 
affords an amuſing ſpectacle. 
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vaot ſeem to be a matter of much nicety. 
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Tm 4s wenne werug piper in cott 'with ebe ecau: 
7 e matter 1 * n Ow and oy att be rubbed 
24 A 1 Set, oy 
50 The acid 1 have ehieſly ple ba W the matine ; but 
votk the vitriolie and nitrous ſucceed very well. They ſhould 
wndoubtedly be ſo far diluted as not to be in danger of cor- 
roding the parchment, after which the degree of ſtrength does 


The method now commonly practiſed to reſtore old writings, 
is by wetting them with an infufion of galls in white wine *. 
"This certainly has a great effect; but it is ſubject, in ſome degree, 
to the ſame inconvenience as the phlogiſticated alkali, of ſtain- 
ing the ſubſtance on which the writing was made. Perhaps if, 
inſtead of galls themſelves, the peculiar acid or other matter 
which ſtrikes the black with iron were ſeparated from the 
fimple aſtringent matter, for which purpoſe two different pro- 
eeſſes are given by PteyzENBRING + and; by SeRRRLE T, this 
inconvenience might be avoided. It is not improbable like- 
_ wiſe, that a phlogiſticated allah might be prepared, better 
ſuited to this object than the common; as by rendering it 
a free as poſſible from iron, diluting it to a certain degree, 
or ſubſtitating the volatile alkali for the fixed. Experiment 
would moſt likely point out many other means of improv- 
FA ing the proceſs deſcribed above ; ; but in its s preſent | ſtate 1 


See a complicated ous 8 for the Preparation of fuch a Eder! in aun 4 
x1vs, De Atramentis, p. 277. | 


-+ Cxeir. Annal. 1786, B. 1. 'Y 
2 Kongl. Vetenſk Acad. Nya Handlingar, tom. VII. p. 30. See ab M. 


5 Mozvzav! $ account of this ſubſtance in the Encyclopedie par ordre des 
raatſeres. | 
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gious body of colour upon letters which were before ſo. pale as 
to be almoſt inviſible, but hay the further advantages over the- 
infuſion of galls, that it produces its effect immediately, and: 
can be confined to thoſe letters r for which ſuch aſſiſtance 
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Acta Academia Scientiarum Imperialis The Imperial Academy of 


Petropolitanæ, pro anno 1780, Pars Sciences at Peterſburg. 
mou et poſterior ; 1781, Pars prior 
poſterior; 1782, Pars prior. Pe- 
_— 1783—1786 4 
Eloge de M. Leonard Euler, par m — — 


' Fuſs, St, Peterſbourg, 1783. 


Kongl. Vetenſkaps Academiens * The Royal Academy of Sci- 
Handlingar. Tom. VI. for 1785, ences at Stockholm. 
zd and 4th Quarter; and 1ſt Quar- 
ter of Tom. VII. for 1786. Stock- | 
holm. go . 5 
Commentationes 8 Regia Scien- The Royal Society of Sei- 
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_ fome Accoun 
Lettſom. London, 1784. 
to the Sort 
s Ship the En- 


Seas, in his Maje 


deavour, from the Papers of Sydney 


Parkinſon ; to which are added, Re- 


marks on the Preface by J. Fother- 


don, 1784. 


4 
14. Latitudes and Longitudes of ſeveral 


Collagen, par M. 
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Samuel Foart Simmons Oblervaticiies de 


Pin 
Eſſai ſur le Lait, conſidere | 
ment, par M. Petit-Radel, Paris, 
; T7786 ih 
21. A Treatiſe on Elementary Air, by H. 
. . Strabane, 1786. 


Jan. 11. The Marine Atlas, a new  Iavdniiow Tor 


Places, aſcertained a by Count de Bruhl. 
London, 1786. 
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M. Manilii Aſtronomicon Libri V. et 
M. T. Ciceronis Aratæa cum Inter- 5 

edente Al. G. 
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pretatione Gallica, 


gre. Tomi II. Pariſiis, 


the Preſervation of _ and Secu- 
rity of Mariners, by T. South, 1 
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The London Medical Journal. Vol. 
VII. London, 1786. _— . 
Practical Obſervations on the puerpetal 


Fever, by P. P. Walſh. "Londen, 
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To 
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Feb. 1. Original Eetters, written during the 
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Count de Brukl, F. R. 8. 


M. Pingre. 


— bk, th 


TEE — 
.A. 
de Fitt wn. M. D. 


Dr. F. * a Candy 


Vir. William = 


John Fenn, Big» = 


8 1 - — 
4 4 a , . * * a bo | 
w_ - * 
_ M 
'/ N — 
8 Pr - a — 2 F 7 a 1 
1 _— 450 128 +4 ; * » * m n a. - 4 | we " 8 * 3 — — 
0 8 . 7 «62 DA 1 7 a . - 4 ” as 
4 — —ͤ Y — n ? - * 4 "I — . W — — N mg ae. * * * 1 0 * 
Joe — - q " —_ — a_— —_— G pl — . ” * + 
. — — 2 — — 4 . 
un pe " " — * — K 2 5 — 
N 1 . . F 4 * ” — * D. 4 \ 
* 4 1 -, ag er te * 
42 . L * . 
f = e as _— * — * " 
- * * * 0 + bs fs So 1 el " 
F 1 1 — k With . 7 n 
p - — - _—_ —— os 
an . _ 1 2 — _ — 1 — — L Yy 8 ny ny a a 


* 
* 
4 
E 
7 
4 
> 
2 
2 
4 
* 
1 
* ; 
j 
I 
| 


FL 14 8 5 
5 Feb. 1. Ariſtotelis Liber de 


. 


8. Ep hemerides Societatis 20h ettortito; 
annorum 1781, 1782, et 
| nue 1 0 


"5 5 


© x 
— 


fon, 1787. 2 Vol. 


_ eros 


1786. 


3 
Poems and Efays, 1 


y 2 Lady lately 


1786. 2 Vol. 4 


1783. 
"TW 4? 
" A Account of the Effects of Swing- 
ing, employed as a Remedy in the 


pulmonary Conſumption. London. 
1787. | of 
2. J. G. F. Franaii ii Proluſio de Medicorum 


| Legibus Metricis. Lipſ. 1782. : . . 
Ezuſdem Lipfia parturiĩentibus ac puer- = 
7eris noſtris temporibus minus lethi- 


era Lipf. 1785. : 
A Defence of the Conſti W i, Go- 
vernment of the United States ” 


America, by J. Adams. Lond. IAG. 


znd Ichard IJ. publiſhed by J. Fenn. 404 
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1474 


4 
wirabilibus Auſcul- 1 Beckman of Got- 
E tationidus, explicytus 2 a Jo. Beckman, om: 14 
—Cotingz, 1786. +. 2 
Florulz Infularum Auſtralium prodro- 
mus, Auctore G. Forſter. _ Gottinge, | 743 
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Ser The „ Society 


ol Manheim. 
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ames Carmichael | Smyth, 


MD. ** 


' Profeſſor Vans of Leipzig. 
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gg Adams, LL. D. 


Mar, 8. The Nautical Almanac far the Years The Commiſſioners af Lon- 


1791 and 1792. 2 Vols, London, * gitude, 


I 
General Tables of the Moon's Diſtances | 
from the Sun and ten principal fixed 
Stars. London, 17879. fol, 
wget Lunar Tables, improved by Mr. 
Ch. Maſon. London, 1 


786. | 


3 4 


178 5 
Lucrece Newtonien, par G. L. Le Sage, M. Les Sage, F. R. 8. 


deétaché des Memoires de l' Academie 
de Berlin pour 1782. 4” 
5 Sternendenkmal, vom n 


Bode. Berlin, 1787. 3 


A. J. Teſta de Vitalibus Periodis Kgro- 
dint, 1787. 4 3 


the Coat of Labrador, from Aug.. I, 
1784, to July 27, 2786, M$. 4 


Mr. J. E. Bode, Aftron. te 
the Academy at Berlin. 


Profeſſor Teſta of Ferrara. 
tantium et Sanorum. 2 Vol. Lon- | 


29. Meteorological Joyrnal kept at Nain, on Mr. Philip Harlock ER 8. 


M ar. 


George Forler, M.D. F.R.S. 


April 


COLES 


nee Preſents. 
1787. 


1 — ==" | 
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Mar. 29. Meteorological. Journal: kept at Hoffen- Mr. — Hurlock, FR. wt 


thal, on the Coaſt of Labrador, from 


MS. | þ 
La Meteorologia aphilicata all Agricul- 


vel. Lept. 1, 1785, to — 6, . | 


rura,” di Gin. Todo. Venezia, | 
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1786. 
Nuove Eſperienze indo alla dolcifiea- 


Lione dell acqua .del Mare, del Sig. | 
Cav. Lorgna. .* 


* Abbe Caranilles. 
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Tertia Diſſertatio Botanica, Auctore A. 
J. Cavanilles. Pariſiis, 1787. 45 


De Maximis et Minimis, Pars prior, 


Auctore Sim. Thuilier. | 


1782. 


April 19. Experiences ſar les Vegetaux, par J. 
8˙ 


Ingenhouſz. Paris, 1787. 
A Treatiſe on Magnetiſm, by T. Ca- 
vallo. London, 1787. 8 
An Attempt towards obtaining invaria- 


ble Meaſures of Length, Capacity, 
and Weight, by ]. Whitchur, f Lon- 


don, 1787. Ig 4 
Memoire ſur la Calls. PUſage, et les 


Avantages de la Racine d'Abondance 


ou de Diſette, par PAbbe de Com- 
merell. Lauſanne, 1786. if 
Della Morte apparente degli Annegati. 


Firenze, 1780. 
8? 
nya 


Epiſtolæ VII. Ferrariæ, 1781. 

26. Kongl. Vetenſkaps Academiens 
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VII. for 1786. 8 
Ppremière Continuation des Experiences 
faites par le moyen de la Machine 


Electrique Teylerienne, par M. van 
Harlem, 17% 


Marum. 


: May IO, Memoirs of the Medical Society of 


Loddon, inſtituted in the Year 177 3: 


Vol. I, London, 1787. 
Peſanteur ſpecifique des Corps, par M. 
Briſſon. Paris, 1787. 4 


Connoiſſance des Temps, pour l'année 


1789. Paris, 1786. — 


Memoire ſur la Culture de certaines 
O 


Malvacees, par A. J. Cavanilles. 4 
Vol. LXXVII. 4 
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John mn N. D. 
61 
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The Royal Academy of Sci- 
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The Medical Society * Lon- 
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May wh: Extrait des Qurrages de ML PAbbe Cas Abbe emal, £25 
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17. A general Synopſis, of Birds, with a Mr. Latham, F 8. 

pos Supplement. 7 Vol. Wen . 

b It 1787. 5 

1 N VEtude & FAftrobamit 
Phyſique, ed M. Couſin. Paris, | 

2 1787. n 55 ei . 
24. The Works of John Jeb, M. D. F. R.. 
3 Vol. London, 1787. be 


Thoms Brand Hollis, rar 
F. R. 8. | 


of Chriſtianity from a ſingle Pro- D D. 
phbecey, evinced in a new Explana tion 
. of the Seventh Chapter of .Ifaiah..' _ 


| Yarmouth, 1787. 82 8 
Ty June 7. Memoires de PAcaderaie Royale des Sei. The Royal Academy of Sch- 
bs | ences, Année 1784. Paris, 1787. 4 | ences of Paris. 
Rapport des Commiſſaires charges = — — 
Académie de PExamen du Projet 
d'un | nouvel Hotel-Dieu. Parls, $780. , „ : 


4 | 
Obſervations tar les Obſtacles qui 5 op- M. Tenon. 
poſent aux Progrès de VAnatomie, 
© 4.7.14 par M. Tenon. Paris, 1785. 4 
3 Id&es ſur la Metcorologie, par J. A. De 
Luc, Tome II. Londres, 1787. 8? 
| The Elevation, Section, Plan, and Views Patrick Miller, Eſq. 
of a Triple Veſſel and of Wheels, by 
P. Miller. Edinburgh, 1787. fol. J 
14. Medieal Remarks on natural, ſponta- John Anderſon, M. D. 
neous, and artificial Evacuation, by PS 
JI. Anderſon. London, 1787. 8˙ . 
21. Tableau des Variétés de la Vie Hu- M. Daignan. 
maine, par M. G. Dogs. Faris, . 
1786. 2 Vol. 8 
28. Meterological Journal kept at Odiham, 
in Hampſhire, from April 1, 1786, 
to April 1, 1787, by A. Baxter, MS. 
4 fol, | - | 
1 Journal kept at Ben- Capt. Macdonald. 


coolen, from Sept. 1. to Nov. 30, 


1784, by John Macdonald, MS. 45 
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M. De Lue, F.R. 8. 
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poſed to be followed in determining the relative Situation of the 
— Obſervatories of Greenwich and Paris.” See 18 8. 


Read Nov. 8, 178. : 


IN the account of the propoſed trigonometrical opera 
tion for determining the difference between the meri- 
dians of the Royal Obſervatories of Greenwich and Paris, 


&. : 


I have, at p. 221. and 222. had occaſion to remark on an 


inconſiſtency | found in the ſum of the three equations, as 
ſtated by M. Bovcuzs, for obtaining the lengths of de- 


grees of great circles perpendicular to the meridian, above 
their correſponding degrees of latitude, without having been 


aware of the true ſource of the error, for which I am in- 
debted to the inveſtigations of the Aſtronomer Royal; who, 


having found it out, obligingly communicated the ſame to 
me, about the time of the annual receſs of the e in 


the end of June laſt. a 
At p. 289. and again at p. 313. pe 314. of M. Bou- 


GVER's Book, the ſubtractive branch of the equation, or the 
part of DG the gravicentric arc, anſwering to the difference 
between the radii of curvature at the equator and given lati · 


tude, has erroneouſly been expreſſed in words 3ths inſtead of 
+ths, which the algebraic formula juſtly gives for it, and ac- 


cording to which M. BougGuzr's table has been accurately 


computed. Not ſuſpecting any thing of this fort, 1 no intima- 
RN tion 


4 * to Major-General Roy's Account of the Mad pro- 
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tion of it appearing among the errata, and no notice Kavieg 
been... hitherto taken, as far as I know, of ſuch, a miſtake 

exiſting in t "A juſtty celebrated work, now ſo many years in 

circulation throughout the world ; ; Inſtead therefore of *.ths, 
or e parts of the third proportional, the laſt e mem- 
ber of the equation, I ſubſtituted another (with a certain 
modification, pr as ſtated i in the before-mentioned pages) 
amounting only to e parts of the third proportional, being 
the bigheſt that e apply to the whole quadrant, without 
producing abſurd reſults. Thus I obtained approximate de- 


grees of great circles and of longitude, differing but little s 
om thoſe of M. Bovevsr, and compenſating 1 in” a great d 
meaſure, although not- altogether, for the then” undiſcovered * 
cauſe of the miſtake of - :,th part of the arc DG; for + 22 1 4 
In this ſtate of the caſe, I have judged i it idenmüiett on me | |} a 


to annex a ſupplementary table, where the degrees of great 
circles and of longitude are accurately computed by the cor- 
rected ſubtractive brauch +ths of DG inſtead of 3ths, as It now 
ſtands in the original table. From inſpection it will appear, 
that the maximum of correction amounts nearly to 54 fathoms 
at the 7oth degree of htitude, diminiſhing gradually from 
thence to the pole on one fide, and the equator on the other, 
where it vaniſhes. Fhe maximum of correction for the degrees 
of lon gitude, amounting to about 2+ fathoms, is applicable 
between the 58th and pgth degree of latitade, where M. 

| Boucvt's degree of the meridian becomes equal to his degree of 
longitude on the equator. From this point, it diminiſhes | 
gradually to the pole on one fide, and the equator on the other, t 
where it in like manner diſappears. E——j 
With regard to degrees of great circles fi tuated obliquely to 
the meridian, it is ſufficiently obvious, that they are ſo little 
affected as to render it of but ſmall importance whether thex f 
; 85 —_ 


are corrected or not; but for ſuch as ate ſcrupulous to fraftiovat 
parts of fathoms, theſe may ſatisfy themſelves with great 
facility and exactneſs, by attending to and proportioning by 
the common tabular differences, as in the following example 


of the application of the correction to oblique * in the 
latitude of Greenwich 51 28“ 400. 


— 


| | CCC 
1 N — {© Correfted Corrected 
Obliquity. . difference. degree. 
ifference. tion. i " 
7 of . Fath. Fath. nd Fath, Fath. 
Application of the 4 45 © | 204445 * 1.65 ＋ 202.80 61050. 20 
| correction to the | | 58 1 78.24 —o63| q % J 77562 16722785 
| degrees of great 2, „1 Wars 7 Fa., „ 
circles, ſituated o 66.33 [ne th 54 | 5 65.7 1 60926.84 
{| 67 301 *;L+ 911 61213.6 
obliquely to the 11 : 5 . 1 © 8088 * 
meridian, in the || 3 5 44.32 —0.36 2 43.96 { YI 
{| latitude of Green- K ” Br SS 5 + qo 6 
ich. „ Ein enn +} 15.44 F 
. 5 : . oj * Ur 9 { 61273.04| 


Here it is to obſerved, 13 half of he correction i is con- 
ſtantiy to be applied at the 45th degree of obliquity; and ſince 
the differences between the terms in the progreſſion equally 
removed on either fide from 452, are always equal to each other, 
it follows, that the corrected differences are to be applied with 
the contrary ſign, thoſe between 45 and the meridian being i in 
diminution, and theſe between 4 5 and the eaſt or weſt points 
being in augmentation of the length, till, in the firſt caſe, 
the degree becomes equal to that of latitude; and in the laſt 
to that of a great circle perpendicular to the meridian. 

The Table of Compariſon, p. 227. is no where affected his 
the alteration which has been the ſubje& of this diſcuſſion, 
except in the two laſt lines from the bottom, as adverted to 
ma the errata ſubjoined to this ſupplement. 

This intimation of M. BovouER's miſtake in expreſſing his 
formula in words, was accompanied with the converſion of 


chat au by D Dr. . into the lowing, * 
2 378 4 lat. , 


to natural fines, m ais the exceſs 


Ae 30 


of the radius of curvature at the pole aboye that at the equa- 
tor, and the ſign of either term is only to be changed when 
the doubled or — latitude become greater than 905 . 


and leſs than 270 


1 embrace chis en of mentioning 3 . 
ſtance, wholly unknown to me at the time my Paper was com- | 


poſed. From what has been there aid, at p. 216. and ſo on to p. 


220. it will probably be inferred, that I conſidered the propoſed 
mode of determining the differences of longitude by the obſerva- 
tions of the pale ſtar, made with a very accurate inſtrument, . 
rather as new, not knowing that the ſame idea, or one nearly the ! 
ſame, had before occurred to the Rev. Mr. MICngLL, and been 
treated on by him in his very ingenigus Paper 1 in the Philoſo- 
; phical Tranſactions, Vol. LVI. for the year 1766. T hat * 


muſt have read that valuable performance about the time of 


proper place, and with the attention that it ſo well deſerves. 


However, without enterin g here into particulars, 1 it will obviouſly 


"+ «Þpears, that the one has not been borrowed from the other. 


$4 M4 


5. m p. 195. 5. J. 27. for W Gravelines and Calais read between Watten and | 


Gravelines. 


And in 1. 28. for 56 42 ©” read 46 52 0“. 


* 197. in the diſtance of the parallel of Rodes from that of Dunkirk, for 


6*.50! 1125 read 6” 40˙ 51” 14. 
Ia the tak 11 of the note at the bottom of p. 217. inſtead of 15 49 v8, 
read 1* 49' 48” .8. 

In p. 221. line 6. from the top, inſtead of ths, read ths. 
In the Table of Compariſon, p. 227. the laſt line but one of the laſt column 
but one, for 44.37 3-5 read SET o. In the next line below, for 38 104.0, 4s for- 


merly corrected, read 38 162.0. And in the right-hand column, laſt ine but 


one from the bottom, for + 19.1, read + 17.0. 


ats publication is not to be doubted; but in the lapſe of ſo 


many years, every trace of it had gone from my remembrance, 
otherwiſe I would have moſt certainly referred to it in the 
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H E Father ET of the! Miffon | in \ Thibet hays the 
| pleafure to acquaint the Royal Society, that, reſiding at 
"0 he has frequently been deſired by M. VosLxs, an able 
naturaliſt from Germany, to obtain ſome circumſtantial aceount 
of the places where, and the manner in which, the borax pro- 
YL cured from the kingdom of Thibet is obtained ; no one elſe, 
as he faid, having any communication with thoſe almoft im- 
penetrable parts. Although our Miſſion have long ſince for- 


. - 
a — 22 oo 44 


 faken that kingdom, yet the Father prefe& being ſomewhat | 
connected with the Bahadur Sbab, brother to the King of 1 


Nepal (whoſe kingdom extends northward as far as Kuti on 
the frontiers of Thibet), he wrote to him, and requeſted all 
the information that could be obtained on the ſubject. The 


Bahadur Shah, in order to giwe the beſt ſatis faction in his il 


power, was pleaſed to ſend to the prefect, as far as Patna, a 


man in his ſervice, who, being a native of the country where 3 
the Borax is prepared, could give the moſt ample intelligence 1 


concerning that ſubſtance. 

This man, partly in the Nepaleſe and NET in the Hindoo lan- 
guage, both which are underſtood by the prefect, gave the follow- 
ing account. In the province or territory of Marme, twenty-eight 


VS - 


ö 
days) journey to the north of-Nepal, and twenty-five tothe Weſt | ; 
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Sk Laſſa, the capital of Thiber, 4 is a 1 hal cight miles 
broad. In a part of this vale there are two villages or caſtles, 
the one named Scierugh, and the other Kangli, the inhabitants 
of which are wholly employed in digging the borax, which 
they ſell into Thibet aud Nepal, they having no other means 

of ſubſiſtence, the ſoil being fo barren as to produce nothing 
but a few ruſhes. Near the two above- mentioned caſtles there 
is a pool of a moderate ſize, and ſome ſmaller ones, where the 
ground is hollow, i in which the rain-water collects. In theſe 
Pools, after the water has been fome time detained in them, 
the borax is formed naturally: the men, wading i into the water, 


feel a kind of a pavement under their feet, which is a ſure 


indication that borax is there formed, and there 5 accord- 
ine . 10115 1 bat 
Where there is little wat; the pal 5 bends 7 is chin and 
"es it is deep, it is: thicker, and over the latter there is 
always an inch or two of ſoft mud, which is. probably a depo- 
ſit of the water, after it has been agitated by rain or wind. 
Thus is the borax produced merely by nature, without either 


boiling or diſtillation. The water in which it is formed is ſo 
bad, that the drinking a ſmall quantity of it will occafion a 


ſwelling of the abdomen, and in a ſhort time death itſelf. 


The earth that yields' the borax 1s of a whitiſh colour; and in 
the ſame valley, about four miles from the pools, there are 


mines of ſalt, which is there dug in great abundance for the 


uſe of all the inhabitants of theſe mountains who live at a 


diſtance from the ſea. The natives, who have no other ſub- 
ſiſtence on account of tlie ſterility of the ſoil, pay nothing for 


digging borax; but ſtrangers muſt pay a certain retribution, 
and uſually agree at ſo much a workman. This is paid to a 
Lama, named Pema Tuptan, who owns the pits in Marme. 
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Yen „ journey - wk "noch, thets 1s aber valley. 
named Tapre, where they dig borax, and another till farther, 
called Cioga; but of this latter I have not marked the fitua- 
tion, Borax is in the Hindoo and Nepaleſe languages. called 
Sbaga. If it be not purified, it will eaſily deliqueſce; and in 
order to preſerve it any time, till they have an opportunity of 
S | fellingit, the people often mix it with earth and butter. 


w_ In the territory of Mungdan, ſixteen days journey to the north 
= of Nepal, there are rich mines of arſenic; and in various other 
le places are found mines of ſulphur, as alſo of gold and filver, 


whoſe produce i is much purer than thoſe of the mines of Pegu. 

This is the ſubſtance of the information obtained from the 
man ſent by the Bahadur Shah. If the Gentlemen of the 
Royal Society wiſh to ſee any of the foil which yields the 
borax, it may be eaſily obtained, fince the ſaid Bahadur Shah. 


aq | - who now. governs the whole of the province of Nepal, is well 
ws | diſpoſed towards the Father prefect, and will probably not re- 


| fuſe him the favour of ſending a truſty perſon. to gather ſome 
d. of the ſoil, and to ſend it down to Patna. The Father prefect 
will eaſily find an opportunity of fending i it thence to London. 

This is what the Father prefect takes the liberty to mention 
1 Royal Society. He, moreover, tenders his own beſt 


. ſervices, and thoſe of the other Italian Capuchins, his brethren 
* Miſſionaries, if they could communicate any other uſeful in- 
e telligence; they being very deſirous to prove their gratitude to 
* the En gliſh nation, from whom they have received, and are 
a eyer receiving, many and ſingular benefits. 
* | 
F END OF PART II. OF. VOL. LXXVII. 
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SEVENTY-SEVENTH VOLUME 
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PHILOSOPHICAL TRANSACTIONS. | 


om. Anke, eee eee en fle! and iron, p. 7. Experi- 3 
1 ments on the congelation of, p. 267. — 
Be Ry depblegiſticated, experiments on the production 4 from water with various 
£ Were p- 84. Effect of f light on the production of, * 

Air hepatic, ſur les gas hepatiques, p. 305. 

Ae, on finding the values of algebraical quanticies by converging ſerieſes and 
— extending propoſitions, p. 11. Demonſtration of ſome propoſitions of 
Pappus, p. 75. Some improvements in, by Daw. Harrior, Schoolen, Newton, a 

Campbell, and Maclaurin, p. 81, | | 

Anatomy, difficulties of obtaining knowledge of the larger marine animals, p- 371. 

Animal bodies, their power of refiſting heat and cold, p. 317. 

Arteries of Whales, p. 415. | 

Aurora borealis, effect of, on the magnetic needle, p. 24. . 


ty du by 


—— 
* 


3 


B; 


| Blagden, Charles, Obſervations on ancient Inks, 
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Boker, 3 Wy Abtrag of a Regiſter of the Barometer, Thermometer, * Rain, | 
at Lyndon, in Rutland, in 1786, p. 368. 


Barter, Alexander, Deſcription of a Sex of Halo's and Pathelia "ay in 307%, in 


North America, p. 44- 
Beddoes, Thomas, Experiments on the Production of artifical Cola, p. as... Ts 


| Benjamin Tree of Sumatra, botanical deſcription of, p. 397. _ 
Bennet, Abrabanm, Deſcription of a new Electrometer, p. 46. Appendix to the A 


tion, p. 32. Account of a Doubler of Electricity, P- 288, 
Bladier of Whales, p. 413. 


with the Propoſal of a new Method 
of recovering the Legibility of decayed Writings, p. 451. 


Blane, William, fome Particulars relative to the Production of Borax, p- 297. 


Dr. Gilbert, Account of five children born at a birth, p. 345. 


Blood, on the circulation of, in Whales, p- 413, Ll 
Bloww-hole in Whales, p- 420. 

Bones of Whales and Porpoiſes, obſervations on, p. . 3 35 
Borax, on the production of, p. 297. Account of the places where, and manner in 


which it is produced, Italian, p. 301. Engliſh, p. 477. 


| Souguer, M. excellency of his hypotheſis, p- 211. Table of the degrees of the earth 


eonſtructed on bis bypotheſis, p- 220. Obſervations on his method for — * 
lengths of degrees of great circles to the meridian, p. 459. 


Bradley, Dr. proceedings for aſcertaining the latitude of the _ Obſervatory at 


Greenwich, p. 153. 
Brain of Whales, P · 423. 


| Braſs, on the magnetiſm of, p. 6. 1 ˙ p. . 
| Britain Great, from Eaſtneſs, in Suffolk, to the weſtern parts of Kent, contains near 12 


degrees of longitude, and and from . . 

- latitude, P- 2232 

Brydone, Patrick, Account of a r in n with hae e 

Obſervations, p. 61. Remarks on the account, by Charles Earl Stanhope, p> 130. 

Bugge, Thomas, Determination of the Heliocentrie Lovgiude of the — ms 
of Saturn, p. 37» 2 8 z 
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. improvement in algebra, p. $1. e 
Cual renales of Whales, p. 413. | Ele EGG : + 
carina, iraprovements in algebra by him, p. "7% wile 3 
| Caſſini, 4 Thury, Moir fr i tine Bene 1. 6.1614 Remo 
on the memorial, p. 151. | 
Cavallo, Tiberius, Magnetical Experiments and Obſervations, p. 6. 
Chloranthus, a new genus of plants, deſeribed, p. 359. NV; ; 
Circles, Obſervations on M. Bouguer's method for obtaining the length of ere circles 
: perpendicular to the meridian, p. 465. 
| Cald, artificial, experiments on the production of, p. 282. 
Comet, account of a new one, p. I. Remarks on the vow, Þ. 4+ Obſervations on 
Miſs Herſchel's comet, p. 55. 8 
| Conferva rivularis, power of extracting air from water, p. 109. 
6 P*97+ 


|; | D. | 

— the produRtion of, from water with various Aides, >. 34. 
Effect of light on the production of, p. 91. 

| Dog, Jackal, and Wolf, obſervations tending to ſhew them to be of the ſame ſpecies, 
p- 253+ A litter of puppies from a Pomeranian bitch by a Wolf, p. 255. Method 
of exprefling the paſſions in, Pe 259 · On the baking of, p. 265. NO of 
their refiſting heat, p. 311 
Dreſden, longitude of, mm obſervation of the . of Mercury, May 4, 1786, p- 

\ . _— 
, Fonar, Botanical Peleigtion of the Benjamin Tree of Sumatra, p. 307. 


Earch feats fn faking a wel at Boſton, ine 50. Diſſerence of opinions on the 
figure of, p. 201. Attempts to diſcover the figure, by the uſe of pendulums, p. 203. 
 Sarthquake, account of one, e ee mares England, * 35+ in 

Scotland, July 19, 1785, p. 69. 


Egft-India Company, called upon to 2— two degrees of b on the Coaſts of 
Coromandel, p. 224 


Eiger Down, power of * p. 96. 
Electricity, the death of James Lauder by an exploſion of thunder attempted to be 
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